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A P P E N D I X A
Dike E v a p o r a t i o n S y s t e m and Background Borings

Dike Boring s
A series of bor ings were made through the d e p t h of the d ike toc o n f i r m its c o n s t r u c t i o n and to charac t er ize s o i l s and wastem a t e r i a l s w i t h i n .\t. F i g u r e A-l shows the l o ca t i on of theseborings . T a b l e s A-l and A-2 summarize the organic and inorganica n a l y t i c a l r e s u l t s . Boring l o g s are in A t t a c h m e n t A.
E v a p o r a t i o n S y s t e m Borings
S o i l s a m p l e s were c o l l e c t e d f r o m nineteen l o c a t i o n s throughoutt h e e v a p o r a t i o n sy s t em d u r i n g December 1987 ( F i g u r e A - 2 ) .S a m p l e s f r o m l o c a t i o n s E V A P - 2 through 19 were c o l l e c t ed using ahand auger to a t o t a l d e p t h of 1 f o o t . L o c a t i o n 1 was s a m p l e dt o a d e p t h o f s i x f e e t u s ing h o l l o w stem auger techniques. Alls o i l s were a n a l y z e d f o r i n d i c a t e T parameter s . S a m p l ed e s c r i p t i o n s f o r l o c a t i o n s E V A P - 2 t hrough 19 ar e f o u n d in T a b l eA - 3 : a borina log for l o c a t i o n E V A P - 1 is in Attachment B.
A n a l y t i c a l r e s u l t s show no d e t e c t a b l e i n d i c a t o r paramet er s inthe v o l a t i l e and s emi-vo la t i l e f r a c t i o n s . PCBs (as A r o c l o r1 2 4 8 ) were d e t e c t e d at l o c a t i o n s E V A P - 3 ard E V A P - 1 5 inc onc en tra t i on s of 120 u g / k g and 110 u g / k g , r e s p e c t i v e l y .I n d i c a t o r m e t a l s were f o u n d at low concentra t i on s and in thesame range as the background s a m p l e s . A summary of a n a l y t i c a lr e su l t s is in T a b l e A-4.
Background B o r i n g s
In order to d e t e rmine background c onc en tra t i on s o f organic s andm e t a l s , f i v e background borings were sampled during December1987 u s i n g h o l l o w stem auger t e chnique s . Boring l o c a t i o n s areshown in F i g u r e A-3 w i th bor ing l o g s in A t t a c h m e n t A. Eachbor ing was c o m p l e t e d to a d e p t h of 10 f e e t , with soil s a m p l e sc o l l e c t e d a p p r o x i m a t e l y every t w o f e e t . T h e s h a l l o w e s t s a m p l ef or each l o ca t i on was a n a l y z e d f or th e f u l l suite o f i n d i c a t o rp a r a m e t e r s de t ermined in the Endangerment Ass e s sment and agreedto by EPA [ b e n z e n e , 2-4 d i m e t h y l p h e n o l , e t h y l b e n z e n e ,n a p h t h a l e n e , PCBs ( t o t a l a s A r o c l o r 1 0 1 6 ) , p h e n o l , t e trachloro-e t h y l e n e , t o l u e n e , t r i c h l o r o e t h y l e n e , c h r o m J u m , l e a d , nickel a n dz i n c ] . S a m p l e s f r o m d e p t h s grea t er than 2 f e e t were a n a l y z e dt o r i n d i c a t o r m e t a l s o n l y .
A n a l y t i c a l results show that no indicator parameters were foundabove d e t e c t i o n l i m i t s f or th e v o l a t i l e , s e m i - v o l a t i l e , or PCBf r a c t i o n s . M e t a l s c onc en t ra t i on s were low and s i m i l a r betweeneach boring. A n a l y t i c a l da ta for m e t a l s are summarized in T a b l e
A - 5 .
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N D C 3 3 1
NDC 3 11
W H O 1 1
M M < 1 I t
MMO 11

12
N D C l 1!

6 1
9 1

M J C 3 3 )
N D " J 3 1

20
M i l d I t
M X < 3 3 1

N D C O a i
M J C O I I
M»C 1 a 1
N D C 1 6 )
M M - 1 6 1
N t J C 1 6 1
MX U 01
t*c» o )

N D C 1 6 1

6 4 0 1 5 - 0 2 9
t f c - 3

4 - 8 '
S l u d g e

6
4 1

M M < 2 9 )
M > ( ' 2 9 )
N T J O 2 9 !
MIC 2 91

N D C 1 4 )
19

M X ' 1 4 1
N D C 2 9 )
N D ( < 2 9 )

N D C 1 4 1
M X ' 5 1 )
M J C S B )

«.m
N D C I 1 I
w e l l )
N O C 1 1 )
MM < in
NtH < 13 I
N D C 1 3 )
NDC 13 i
M J C 1 3 I
M J C I J J
M P K I l l
N D C 1 3 )

57
M ) C 1 1 )
N D I ' 1 3 )

sot <a o)
M X < 8 )

M I C 1 6 1
M X ' 1 6 1
H D ( ' 1 6 )
N O C 1 6 )
N D C 8 0 )
MX < 80 I

N D C 1601

6 4 0 3 5 - 0 16
OS -4

( I l k ? 4 2

S l u J u e

M X ' O 4 )
0 49

I 4
0 55

* 9
5 7
6 6

N D C a 4 )
M X ' 2 1

NDC <O 4 1
N D C O 4 1

N D C 2 )
N D C O B I

3 9

170
MX ' 16 1

47
660

MX < 161
N D C 1 6 1
M J l > I d 1
M M ' 1 6 1
N D I < I b )
MX ' 161

140
MX > 161

22
M X ' > 6 I
MX " 16)

M i C t ) 4 )
0 49

1 2
MX -0 B)

i 1
MM ' 1 0)

MX ' 4 1
7 6

M > « g o i

H 4 0 J 3 - U J 9

14 16
S o l I

0 O i l
0 39

0 022
N T X < 0 ( 3 0 5 1

0 016
0 M
0 89

N D C O 0051
0 44

NDI <0 JO 5 I
N D C O 0 0 5 )

0 01
M H ' O O i l

0 05

5 5
NTX ' 1 6 )

1 9
20

MJO 1 fit
N O C t 6 1
MIC ( 61
NDC 1 6)
M t « ; 6 1
M X < 1 6 1

5 5
M X ' 1 6 1
M X < 1 6 )
N D C 1 6 1
NDC 1 61

MX iO 04 )
0 0*7

M I C U o a i
N D C O 08 1

0 5
0 25

M X ' 0 4 1
M X ' Q 4 1
Ml! <O B 1

64015-055
£>•,-*•

( ) t « t J 2

5 - 1 0 '

210
N D C I / I

100MX < in
180
110

N D C 8 5 I
N D ( « 7 I
N D C 8 S )
N D C 1 7 )

44
M M ' S S )
M X < 1 4 )

77

M M ' ! 6 )
M X > 2 6 )
NDC 261

81
47

N D C 2 6 )
N D C 2 6 1
M A C ' 2 6 1
M X ' 2 6 )

34
M ) C 2 6 t

87
640

a i
170

M>co »a\
N D C O 8 )
N U C 1 6 )
M M ' 1 6 1
M t C l 6 1
M 1 C 1 6 1

1 '
N D C 1 01

14

64011- 6 i

f..l 1 1

N D C C O U 5 )
M D C O 0051
N D C O 0051
M M ' Q O O I I
N D C O 0051
N D C O Q O i l

0 19
M X ' O 0 0 5 )
N D C O 025 1
M M ' O 0 0 1 )
N D C O 0 0 1 )

0 I T
N D C O O l )

0 049

M H ( 0 6 6 1
NDI <0 661
N D C " 6 6 1
M M > ! 6 6 )
ND -0 .61
N T - i t -.6)
M> <L. .0)
NC «, i«|
N D ' ( . 1 6 1
ND ". .6)
NL <0 10 1
M? >D >6)
NT <C ,61
N D ' 0 1 6 )
ND <0 16)

M) ' u ia i
N O i ' i ) J » »
N D . ' O 1 6 )
M ) i ] 1 6 )
M) O 16 )
M > , ' 0 1 6 1

N.X . ai
M i K 8 )
C O » • 1 f t )

640.15-047
! J S 6

( l l t r 6 2

5 l U d « P

1 7
M t C O 6 )

1 1
N D c O 6 1

1 5
"• 6

14
NDt <0 6 J

MK <3 1
N D ( < 0 6 )
N D I ' 0 6 1

9 0
1 2
1 4

N D C 6 6 1
M X ' 6 6 1
MX <6 6t
M X ' 6 6 )
M X ' 6 6 1
N D C 6 6 1
M 1 C 6 6 )
NDC 6 6)
MX <6 61
MIC 6 61
M J I < t > 6 )
M J C 6 6 )

97
NDl <6 6 )

t i

N I H ' 0 0 ( 1
N D C O O i l
N D C O 1 6 )
N D C O 1 6 1
N D < > 0 t & l
N D C O 1 1 1

N D I ' 0 8 1
N D C O 8 1

7 B

D 4 U I S - Q 5 )
OS -6

U U ' I O U 4

2 0 - 2 4 '

M X ' D O O 1 I
MX .0 001 )
N U c O OO5)
MX <-'* 005 1
NDt <0 005 1
MX >0 1105 )
M X ' O 0251
N D C O 005 i
N D C Q O 2 5 I
M X ' O OQi|
MX >0 005 1
N D C O 0 2 5 )

N D C 4 O i l
M X ' 0 0 1 )

N D C O 3 3 1
M ' C O 1 3 1
M X ' O 1 ) 1
M X ' O 3 ) 1
M X ' O 1 1 1
N D C O 1 3 1
M X ' O 3 1 )
M X . O 3 3 )
N D I ' 0 3 3 1
N D C O 1 1 1
N D C O 311
MX <0 33)
N D C O 1 3 1
M M . Q 1 1 )
N D C O 1 1 1

M 1 C O 00(1
M X ' 0 OO8I
M X ' O 0 1 6 1
N D < > 0 0 1 6 )
M K ' 0 0 1 6 1
M X ' O O i 6 l

M J C O 081
M X - 0 O B I
M X ' O I d )

6 4 0 3 5 - 0 1 9
O S - 7

O i k e 1001

7-9

1 0
0 32

N D C O I S )
N D C Q 1 1 1
N D C O 1 1 )
M X ' Q 1 5 )
N D C O 75 1
N D C O I D

33
N D C Q 1 1 1
N D C O I I )
N D C O 7 S l

M X ' O 1 1
N T . C O 1 )

MX ' 1 1 1
NDC 131
NDC 11)
M X ' 3 1 1
NDC 131
NDC 31 >
M M ' l i t
MX Oil
P C C 1 3 I
M M O 3 )
MM Oil
M > C 1 3 >
N D C 1 1 )
N D C 3 3 1
NDC 131

1 4
N D C Q 1 6 1
N D C O 1 2 1

U !t
N I X ' 0 1 2 1

0 71
M I C 1 f t )
M X ' 1 6 1
N I X ' 1 2 1

6 4 D ) V O 2 3
D V 8

D i k e 82

3 1
S o i U
S 1 udge

N D C U I
N D ( ' t I t
N D C M )

210
N D C 1 H

47
M X ' 5 6 1
N D C I I I
M M < 5 « )
N D C I I )
M>C 1 U
N D c l f c ,
N D C 2 1 I
M > C 2 ) >

NDC 3 31
NDC 1 1 >
N D C 1 I t

4 9
1 6
4 6

M X ' 3 3 1
M X ' 3 3 1

« 0
5 2

N D C 3 1 )
NDC 3 31

1 1
NDC 3 3t
NDC 3 31

MX <0 4 i
NDI ' 0 41
N D C O 11
N D t ' O i l
N D l ' O i l
ND< <0 ai

NDC 4 1
7 7

M X - B O l

O i k r 2 0 3 1

a 10

6 a
M ' t ' Q 4 1

0 6
2 1
i a
3 7

(0
0 16

MX -21
M > ( ' 0 4 1
M X ' Q 4 1

2 2
MK <o ai

4 2

N I > t < 3 I t
4 7

M X ' l 1 1
N D C l 1 1
M H < 3 3 1
MK c 3 31
MX < 1 11

21
M X < 3 3 )
M X < 3 3 1
N D C l 1 1
N D l ' 3 3 -

6 4
MM • 1 11
M>{ • 1 1 )

MX <C 01
N P C S I

M ' C I B »
MX ' "h 1
M ' C » > i
M ' C 1 6 1
M i c a o i
M ) C ( O )

M I C 1 6 0 )

6 4 0 ] J 0*.'
(is a

U 14

0(«""t

M>cO OQM
M J C O 0 0 5 )
N D C O O O S )
N D C O 0 0 5 )
MX <0 OO1)
N D C O 01*51
N D C O 0 / 5 1
N D C O O u t )
NDI -0 0251
M J C O O O S l
MX >0 O O S l
M J C O 0251

MX > ii an
MJI <o a 1 1

MX <0 66 1
M X ' 0 6 O I
Mil <0 66 1
M I C Q 61.)
MX >0 66 I
M H ' O I t 6 l
N D C O 6 6 1
NDCO 661
N D C O » O I
M X ' O * 0 )
M X ' O 6 6 )
N D C O 6 6 )
M X ' 0 6 6 1
N D C I I 6 f l
M i l ' U o t i >

M J C O O O I I
O 008

M i c a O t 6 l
M J C U 0 1 6 1
M J I ' O 0 1 6 i
M X ' I I 0 1 6 1
NIX <0 OOBf

M J < > Q O B I
M ' C O 1 6 1

6 4 U 1 1 U t , i
[IS •*

O l f c r •*. '

t 4

II 1)7 1.
NDI <0 05 t
MX <0 U5>
N D l ' 0 O S )

U Q B l
0 it

2 0
M X - Q 0 5 )
M J C O i S t
N D l ' 0 O i l
N D C Q 0 5 )

0 19
NIX '0 1 1

i 'i

M J c i l t
M X ' J U
M I C 1 ) 1
M i l ' 1 > I
N D c i l )
M X - 1 1 1
N I X . 1 1 1
M J C H t
M X ' 1 J )
N D C U '
M J C J S I
N D C D I

M H ' J J I
M X ' H I
MX > 1.) 1

M X ' U a
NDI <(l B 1
Mil < I 61
M ' t ' 1 6 1
M X . 1 6 1
M I C 1 6 1

N I K ' 4 1
M K ' » !

M ' t • 1 6 1

O4il ,1 in. 7

[ > l l , f / O ' ' 1

•*.( .u mm
MK .u aim
M X ' 1 1 O U 5 I
N D C O O U 5 >
MH .» Wi >
M ' c u O H M
M ' l > U < t 2 ' )
N l n ' U U 0 5 I
M i l < U 0 2 M
M X ' 0 O ^ I
M i l ' 0 O - I M
N l ' t ' U i l / ' - i

M ' l • ( ! t l 1 i
0 i l I /

M > < - Q 1 1 1
M i c t ) t i l
N I K • t l 1 1 1
M M . 1 1 1 1 1
M l < > 0 1 1 1
M I I . a 1 1 1
M t f t l t n
M t i ' ( 1 1 1 )
N D C O V t l
M ' t - a i n
M X - 1 1 i l l

M ' l ' U t i l
M H ' U i n
M » ' ( ) 1 1 1
M ' l ' O i l l

H ' < ' U U U « !
MX <g unit i
M ' t ' i t a | i . i
H t i • < ! E l I I . 1
M X • ! ! 0 I I . 1
MX • t> U it, I

N I X ' l i ( H i
H.l .|) it» 1
Nl-l . t t 111 •

M . l l M J ! I t i t t i i I ia> i ( i 0 1 1 0 6 9



N U I t t N t - O K M A M O N T A * t N
S O I L S U H V t l - O f A i J b l l N A N l >
W A L L 6 H C O U N T I t i . I * '
P U B L I S H E D
S O I L C O N S L H V A I I O N i t

S O I L
B R A Z O f t I A C L A Y 0 r .

C t t M W I L L E S l l M{ O C C A S I O N * ! L t ( I U"i.t I J J
O « t A B t t J V E H V f I N t : , * f ( f ' i I 1 1 A Ma- ix
A f f W I »1MAI r K K . A I N M ! , t r t I ' A i

A P P H O J O M A T E L O C A F K M I & U f
8 A C K G R O U N D S O I L • O M I N 6 C

S H f c R I O A N D I S P O S A L S t « V K . t i >

I N V E S T i C A f l O N R E P O R T . S E C H O N 4

0 1 1 0 7 0



III

T A B L E A - 3
S O I L B O R I N G D E S C R I P T I O N S F O R S A M P L E L O C A T I O N S 2-19,

E V A P O R A T I O N S Y S T E M
S H E R I D A N D I S P O S A L S E R V I C E S S I T E

Boring N u m b e r f a )
4 , 6 , 7 , 8 , 9 , 1 0 , 1 1 ,
1 2 , 1 3 , 1 4 , 1 6 , 1 7 ,and 18

3 and 5

15 and 19

D e s c r i p t i o n ( 0 - 1 )
S I L T Y C L A Y : M e d i u mbrown, s o f t t o s t i f f ,roo t s , r o o t l e t s , s h e l l sand s h e l l f r a g m e n t s ,some b l a c k naturalorganics and coal-l i k e f r a g m e n t s , noodor.
S I L T Y C L A Y : a s above

S I L T Y C L A Y : a s above

S I L T Y C L A Y : a s above

A-7

V a r i a t i o n s

r-
O

Dark brown withJ u l a c K i s b areas,s l i g h t cnemicaiodor.
S l i g h t chemicalor s l u d g e odor,black s treaks inso i l .
Odor o f s l u d g e ,b l a c k s teaks.

E716
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0100

T A B L E A - *
W - J A I Y T I C A L R E S U L T S C f E V A P O R A T I O N S V S T E M 8 0 R I N C S

T O T A L M £ T * L S ( I N M C / K C )

S H E R I D A N D I S P O S A L S E R V I C E S S I T E

B O r i t i g
Number

E V A P - 1 A
E V A P - 18
E V A P - 1C
E V A P - 1 D
E V A P - 2 A
E V A P - 3 A C 1 )
E V A P - 4 A
E V A P - 5 A
E V A P - 6 A
E V A P - 7 A

E V A P - f l A
E V A F - 9 A
E V A P - 1 0 A
E V A P - 1 I A
E V A P - 1 2 A
E V A P - 1 3 A
E V A P - 1 4 A
E V A P - 1 5 A U )
E V A P - 1 6 A
E V A P - 1 7 A
E V A P - 1 8 A
E V A P - 1 9 A

Dupl i c a l e 3
< E V A P - I A )

D u p l i c a l e 4
( E V A P - I S A )

D u p l i c a t e 5
( f V A P - 1 9 A )

RUAL D e p t h
Numoer ( f e e t )

6 5 3 5 3 - 0 0 1 0 5- 1
65353-002 3*1.5
65353-003 3-4
6 5 3 5 3 - 0 0 4 5 - 6
6 5 3 5 3 - 0 1 7 0 5 - 1
6 5 3 5 3 - 0 1 6 0 5- 1
6 5 3 5 3 - 0 1 2 0. 5-1
6 5 3 5 3 - 0 1 1 0 . 5 - 1
6 5 3 5 3 - 0 1 3 0 5- 1
6 5 3 5 3 - 0 1 8 0 5 - 1
65353-010 0 5- 1
6 5 3 5 3 - 0 1 0 0 5-
6 5 3 5 3 - 0 2 1 0 5 - 1
6 5 3 5 3 - 0 2 1 0 S - 1
65353-005 0 .5-1
6 5 3 5 3 - 0 0 6 0 .5- 1
6 5 3 5 3 - C 0 7 0 5 - '
6 5 3 5 3 - 0 0 8 0 5-1
65353-009 0 5- 1
6 5 3 5 3 - 0 1 9 0 . 5 - 1
6 5 3 5 3 - 0 1 4 0 5- 1
6 5 3 5 3 - 0 1 5 0 5- 1

65350-028 0 5-1

6 5 3 S 3 - O J 3 0 . 5 - 1

6 5 3 5 3 - 0 2 4 0 5-1

Ch r on i um

12
7
5

10
1 1
11
11
1 1
13
1 1
13

9
13
10
15
13
10
12
12

1 1
9

14

13

14

L e a d N i c k e l

12 17
9 12
5 7

1 ^ 111 J 1 J

13 14
11 14
13 16
12 15
n is
12 15
13 17
12 .4
1 4 I A
12 14
14 17
11 15
1 1 13
13 16
'• 1 16
10 12
1 1 14
1 1 16

14 20

14 17

13 17

Z i n c

40
2?
n
27
33
32
36
3*
39
34
40
j .
36
3 '
40
40
30
35
34

I B
32
32

48

3S

38

N O T E S
( • > A l s o r e p u f i r - a u o U G / K Q - > i* n . <-< u e i C u k l 0 n l i m i t o f a o u g / k g ).-..,.. I 0 n l l f f l | t ^ g

( 1 t h e number a» i g n e d ,o each soM S a^, e b v « o c l ( V M 0 u n t a i n

A-8

CMr-o
•v—
O



ERM-Southwet* !R«L
F I G U R E A - 3

A P P R O X I M A T E L O C A T I O N S O f E V A P O R A T I V E
S / S T E M B O R f N G S S A M P L E D

D E C E M B E R 28-30. 1 9 8 '
S H f R I D A N D I S P O S A t S E ' R V t O F S

1 I B 0 0 4 1 / 5 / 8 8

0 1 1 0 7 3



1111111111111111111

B C ? 6

^̂ ^̂ ^̂ ^̂ ^̂ ™̂ B^̂ ^

T A B L E A - 5
A N A L Y T I C A L R E S U L T S O F B A C K G R O U N D

Bor i ng

B K G - 1 A
B K C - 1 B
B K C - 1 C
B \ G - 1 D
B K C - 1 E
B ' , C - 2 . A
B K G - 2 B
B K C - 2 C
B K C - 2 D
B K G - 2 E

u t l C - Z 2
B K C - 3 C
B K C - 3 D
8 K C - 3 E
B * C - 4 A
B K G - 4 B
B K G - 4 C
8 K G - 4 D
B K G - 4 E

8 K C - 5 A
B K G - 5 C
B K C - 5 D

D u o i i c a t e 1
( B K G - 4 A )

D u o l i c a t e 2
C B K G - 3 B )

N O T E : R M A L
A n a l

R M A LN u m b e r
6 5 3 5 0 - 0 0 1
6 5 3 5 0 - 0 0 2
6 5 3 5 0 - 0 0 3
65350-004
6 5 3 5 0 - 0 0 5
6 5 3 5 0 - 0 0 6
65350-007
6 5 3 5 0 - 0 0 8
6 5 3 5 0 - 0 0 9
6 5 3 5 0 - 0 1 0
C C I C n n - i < i

6 5 3 5 0 - 0 1 7
6 5 3 5 0 - 0 1 8
6 5 3 5 0 - 0 1 9
6 5 3 5 0 - 0 2 0
6 5 3 5 0 - 0 2 1
6 5 3 5 0 - 0 2 2
6 5 3 5 0 - 0 2 3
6 5 3 5 0 - 0 2 4
6 5 3 5 0 - 0 2 5
6 5 3 5 0 - 0 1 1
6 5 3 5 0 - 0 1 2
6 5 3 5 0 - 0 1 3
6 5 3 5 0 - 0 1 4
6 5 3 5 0 - 0 1 5
6 5 3 5 0 - 0 2 6

6 5 3 5 0 - 0 2 7

N u m b e r i s

T O T A L
S H E R I D A N

D e p t h( f e e t )
1 - 1 . 5

4. 2-4.7
6 - 6 . 5
7 - 7 . 5

9 . 5 - 1 0

0 . 5 - 1
2 . 2 - 2 . 7

4 . 5 - 5
7-7 .5

9 . 5 - 1 0
•"> \ - n o

~* ^ - *
4. 5-4.8

7-7.4
9 . 6 - 9 . 9

0 . 5 - 1
3 - 3 . 5

4 . 3 - 4 . 8
7-7.3

9 2 - 9 . 5
0 . 5 - 1

2 . 9 - 3 . 4
5 - 5 . 4
7 - 7 . 5
9 - 9 . 5
0 . 5 - 1

2 . 5 - 3

t h e number

M E T A L S ( I N M C / K G )

D I S P O S A L S E R V I C E S

C h r o m i urn
16
15
18
16
14
14
7
8
6i

1 1
12
15
15
13

7
12

8
14
13

5
9
8
6

16
9

18

ass i g n e o 10 each

B O R I N G S F C R

S I T E

L e a d N i
1311
13
14
14

12
6
7
6

NO
11
13
13
13
13

6
11

7
12
13

6
9
8
6

15
12

16

SO i i b d t T i p i «

•î M^MH

c k e i
19
17
18
17
19
16

9
1 1

8
5

14
18
18
17
17
10
18
11
18
21

8
12
13

8
19
14

26

u y i \ O C K ' »

Z i n c
40
35
40
36
36
37 r-
17 0
20 ^
14
8 Ô

33
,6
42
39
40

21
36
24
42
37
17
28
25
18
43
31

52

iV.C \j !~i t ii ' "
yt i c a i L a b o r a t o r i e s .

A-10
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H O U S T O N , T E X A S D R I L L I N G L O G
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L o c a t i o n ^tm«t«QQ. TX w n. NO. 091 -11
B o r i n g /W.K w« O S - 1 Borirtq T.O. ,.2.5.,.'. f a r i n g n;nm 7.5 '
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D r i l l i n a Comoony S o u t h w e s t e r n Lob* O r l l f n a M e t h o d H o l l o w stem Auger
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(

3̂ ~xi>*—Q-a:u j2 L j J U Jal^
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T-n-TiiiJ
A A A A ̂ ^̂B

1 A A A I^̂ H
A A A A ^^H

l k A 4 ^̂^̂1
4 A A A ^^H

t A A A <̂ Ĥ
4 A A 4 -̂ ^̂1

1 A A A <̂ Ĥ
A A A A ^^H

1 4 4 4 l̂ ^̂ H
A A A A ^^H

t A A A t̂ ^H; / / / •_ — •̂•̂•̂•H * * * * L^H
•̂̂•̂•̂•̂•V 4*4 t̂ ^̂ |

-10 -
— _
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^ «H
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-20 -
_ —
_ .̂
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-25 —

•̂•̂H
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\ N. \,x̂ \.
V \̂  X.>. X.V N. x

N. N.
* V \
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S U M M A R Y
L a b o r a t o r y b i o l o g i c a l t r ea tmen t s t u d i e s were conduc t ed on s l u d g ea n d pond water o b t a i n e d f r o m t h e S h e r i d a n D i s p o s a l S i t e ( S D S ) t op r o v i d e a p r e l i m i n a r y assessment o f t h e p o t e n t i a l f o r b i o d e g r a -d a t i o n of o r g a n i c c o n s t i t u e n t s at the s i te. It was not the in-t e n t i o n o f these s t u d i e s t o generate d e t a i l e d d e s i g n d a t a , norp r o v i d e s p e c i f i c d e g r a d a t i o n rates. T h e s t u d i e s d e m o n s t r a t e dthat concentrat ions of v o l a t i l e and s e m i - v o l a t i l e hazardou sorganic subs tance s in the S h e r i d a n s l u d g e may be reduced via ab i o t r e a t m e n t proc e s s . A p o r t i o n of such removal i s a t t r i b u t a b l et o v o l a t i l i z a t i o n . C o n c e n t r a t i o n s o f a l l d e t e c t e d h a z a r d o u so r g a n i c s u b s t a n c e s showed r e d u c t i o n s , most t o b e l o w d e t e c t i o nl i m i t s . P o l y c h l o r i n a t e d b i p h e n y l s ( P C B s ) , however, wered e t e c t e d i n t h e f i n a l s a m p l e s .
B i o d e g r a d a t i o n o f t h e p o n d s l u d g e f r o m t h e S D S s i t e w a s t e s t e din 77-day s u s p e n d e d g r o w t h , mixed reactor t e s t s . s ix reactorswere seeded w i t h an a c c l i m a t e d c u l t u r e o f na t ive o r g a n i s m s . Thereactors were f i l l e d w i t h pond water a n d l o a d e d w i t h ponds l u H r y e . R s m n l . e s o f t h e mixed l i q u o r f r o m each reactor were col-• »<-t <-.d p f ir io ':: L c a l l y throughout the s t^dy and a n a l y z e d to asses..»t h e d egr e e o f d e g r a d a t i o n o f H a z a r d o u s S u b s t a n c e L i s t ( H S L )o r g a n i c s i n c l u d i n g P C B s . Because t h e i n i t i a l c o n c e n t r a t i o n o fA r o c l o r 1260 was j u s t above the d e t e c t i o n l i m i t , there wasconcern that any s i g n i f i c a n t amount of d e g r a d a t i o n c ou ld not beq u a n t i f i e d . T h e r e f o r e , t h e r a w s l u d g e w a s s p i k e d w i t h A r o c l o r1260 to a t o t a l c o n c e n t r a t i o n of about 100 p p m .
D u r i n g the s t u d y , a pha s e s e p a r a t i o n occurred which r e s u l t e d int h e f o r m a t i o n o f t a r b a l l s i n t h e b o t t o m s o f t h e r eac tor s . A l -t h o u g h t h i s u n e x p e c t e d p h a s e s e p a r a t i o n made i t d i f f i c u l t t oq u a n t i f y th e exact ex t ent o f PCB d e g r a d a t i o n , i t wa s a p p a r e n tthat each o f t h e H S L organi c s which were o r i g i n a l l y d e t e c t e d i nthe s l u d g e were d e g r a d e d in the reactors to some e x t e n t . Bio-l o g i c a l t r e a t m e n t reduced th e pond s l u d g e vo lume by a p p r o x i -m a t e l y 50% and p r o d u c e d a dense t a r - l i k e h y d r o p h o b i c r e s i d u e .
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FOR
S O U R C E C O N T R O L F E A S I B I L I T Y S T U D Y

- I N T R O D U C T I O N
l . 1 T r e a t m e n t C o n c e p t s
S u s p e n d e d growth reactors r e l y on m i c r o o r g a n i s m s s u sp ended in anaqueous s o l u t i o n t o d e g r a d e organic c j n s t i t u e n t s . Key parame-ters which are f r e q u e n t l y c on t ro l l ed in such reactors i n c l u d et e m p e r a t u r e , p H , r e s idence t i m e , nutr i ent c o n c e n t r a t i o n s , oxygenconcentra t ion, m i x i n g energy and organic l o a d i n g . T h e y can beo p e r a t e d a s ba t ch o r c on t inuou s f l o w reactors. In t h i s s t u d ybat ch reactors w i t h me chan i ca l mixers and d i f f u s e d a e r a t i o n wereused.
Acute t o x i c i t y i s a tox i c e f f e c t r e s u l t i n g f r o m a s i n g l e short-term expo sure . A c u t - . f t t o x i c i t y i n a b i o l o g i c a l ' t r e a t m e n t reac torcan re su l t ia s e v e r e l v s l owed b i c d f e o r r u c ! r . t i u n i.ates or, inex treme cases, c o m p l e t e i n h i b i t i o n o f microb ia l growth.
Aerobi c operat ion of the reactors r e f e r s to a mode of opera t i onin which the oxygen c onc en tra t i on is c o n s i s t e n t l y m a i n t a i n e d ata level which w i l l not l i m i t aerobic b i o d e g r a d a t i o n . T h i s hast y p i c a l l y been d s f i n e d a s 2 p p m f o r d o m e s t i c wa s t ewa t er t r ea t -ment sy s t ems and that same va lue was assumed to be v a l i d fort h i s s t u d y .
A e r o b i c / a n o x i c c y c l i n g r e f e r s to a mode of op era t i on in whichthe oxygen concentra t ion in the reactor is m a i n t a i n e d above2 ppm for a per iod of t ime f o l l o w e d by a p e r i od in which m i x i n gand a e r a t i o n are h a l t e d and the oxygen c o n c e n t r a t i o n is a l l o w e dt o a p p r o a c h zero. A n a e r o b i c b i o d e g r a d a t i o n pro c e ed s a l o n gd i f f e r e n t pa thways than aerobic b i o d e g r a d a t i o n and thereby canf r e q u e n t l y d e g r a d e c o m p o u n d s which are not d e g r a d a b l e aerobic-a l l y . C y c l i n g th e reactors a l l o w s both t y p e s o f pa thways t ointeract in d e g r a d a t i o n o f the s l u d g e ,
An a c c l ima t ed cu l ture is one which has been a l l o w e d to grow inthe medium to be t e s t e d under c o n d i t i o n s s i m i l a r to tho s e whichexist in the t e s t ,
1 . 2 B e n e f i t < J L T e u h n o l u g y
The p o t e n t i a l b e n e f i t o f u s ing b i o l o g i c a l t r ea tment i s th e r e-m o v a l / d e s t r u c t i o n o f mobi l e , b i o d e g r a d a b l e organic cons t i tuent s
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f r o m t h e S D S pond s l u d g e . T h i s would reduce t h e n o b i l i t y , t ox i-city and volume of the s l u d g e prior to closure. Based on visualob s erva t i on , the r emaining re s idue is e x p e c t e d to be e a s i l ydewatered due to i t s h y d r o p h o b i c nature.
T h e b e n e f i t o f u s ing s u s p e n d e d growth reactors f o r t r ea tmen t o fthe pond s l u d g e is that it provide s e x c e l l en t contact betweenthe microorgani sms and the s o l u b l e organic c o n s t i t u e n t s whichare being d e g r a d e d . S u c h a system is normal ly easy to controlbecause it w i l l tend to be very homogenous, thus nutr ient a d d i -t i o n a n d p H control a r e f a i r l y s i m p l e t o i m p l e m e n t . I n a d d i t i o nthe d i l u t i o n e f f e c t o f the reactor water reduces any acutet o x i c i t y e f f e c t s o f t h e s l u d g e on th e m i c r o o r g a n i s m s .
1.3 O b j e c t i v e s . L i m i t a t i o n s
The o b j e c t i v e o f b i o l o g i c a l treatment i s t o reduce th e m o b i l i t y ,t o x i c i t y and volume o f t h e pond s l u d g e p r i o r t o i t s f i n a l d i s -p o s i t i o n by b i o d e g r a d i n g mob i l e and tox i c o rgan i c c o n s t i t u e n t sand d e w a t e r i n g the r emain ing re s idue. T h e r e are several f a c t o r sw h i r h l i m i t t h e a b i l i t y o f b i o d e g r a d a t i o n t o a c c o m p l i s h theseo b - j e c f ; i v t : s . The s l uuae has an inorganic s o l i d s cc;.tcnc whichl i m i t s the volume r educ t i on which can be a c c o r . p l i s h e a , ines l u d g e a l s o a p p e a r s to contain a h i g h p e r c e n t a g e o f high molec-u lar weight organic c ompounds which re h y d r o p h o b i c in natureand resistant to b i odegradat i on .
The o b j e c t i v e s of this s tudy were to: 1) assess any acute toxi-c i t y i m p a c t s o f t h e pond water, 2 ) d e m o n s t r a t e that b i o l o g i c a lt r ea tment has p o t e n t i a l for reducing the t o x i c i t y and volume o fthe s l u d g e and 3) gain some p r e l i m i n a r y d a t a on what the p r a c t i -cal c o n s t r a i n t s of such a treatment sys t em wou ld be. T h i s s t u d ywas not intended to provide d e t a i l e d de s ign data or d e g r a d a t i o nrate c o n s t a n t s f o r t h e s l u d g e .
The term acute t o x i c i t y as it is used above r e f e r s to the ten-dency o f th e pond water t o p r o h i b i t b i o l o g i c a l a c t i v i t y . Theacute v.cxici ty test de s cr ibed in S e c t i o n 2 was c onduc t ed tod e t e rmine i f t h e pond water a lone w o u l d p r o h i b i t b i o d e g r a d a t i o n .
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2 - T E S T I N G
2.1 M e t h o d s
The l a b o r a t o r y e v a l u a t i o n o f b i o d e g r a d a t i o n a s an a p p l i c a b l et r ea tment t e c h n o l o g y for the s l u d g e and soil a t the S h e r i d a nDispo sa l S i t e (SDS) was conducted in three s t ep s :

1. Pond water acute t o x i c i t y t e s t i n g2. M i c r o b i a l a c c l i m a t i o n3 . S l u d g e b i o d e g r a d a t i o n t e s t i n g
2.1.1 Pond W a t e r A c u t e T o x i c i t y T e s t i n g

Pond water acute t o x i c i t y t e s t i n g was c onduc t ed for 21 d a y s ,p r i o r to the s tart o f the microb ia l d e g r a d a t i o n test a s f o l l o w s :
One g a l l o n of pond water v / a s p l a c e d in an open topcon ta iner and a p p r o x i m a t e l y three t a b l e s p o o n s o f mi-crobial seed mater ia l was a d d e d . The seed m a t e r i a lcons i s t ed o f soil f r o m th e edqe o f t h e SDS p o n d , so i lf r o m t h e edge o f c i ' i i - f r L&ka a n d s l u d g e f r o i - a n ?.ctivoo i l y i n d u s t r i a l waste b i o d e g r a d a t i o n p o n d .
A e r a t i o n was by means of a mechanical mixer and a sub-merged air stone. D i s s o l v e d oxygen content was tar-geted for 6.0 m g / L but, due to low b i o l o g i c a l acti-v i t y , h igh er c onc en tra t i on s could not be a v o i d e d .
N u t r i e n t s were added to the pond water to assure anexcess of n i t r o g e n and p h o s p h o r o u s .
Grab S a m p l e s were taken on d a y s -21, -14, -7, and 0.S a m p l e s were a n a l y z e d f o r t h e p a r a m e t e r s i n d i c a t e d inT a b l e 2-1.
Data wa s a n a l y z e d f or s igns o f mi crob ia l a c t i v i t y .

2.1.2 M i c r o b i a l A c c l i m a t i o n
The microbial ac c l imat ion was conducted for 21 days pr ior to thestart o f the b i o l o g i c a l d e g r a d a t i o n test a s f o l l o w s :

A p p r o x i m a t e l y one-quarter pound o f seed mater ia l ( s e eabove; was pia^-l if: .» £ i v « g a l l o n , open tcp c o n t a i n e rand three to T o u r p c u n J s c£ s l u d g e wers a d d e d . Pondwater was added to bring the t o ta l volume to f o u rg a l l o n s .
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T A B L E 2-1
A N A L Y T I C A L P A R A M E T E R S

A N D M E T H O D S

Cons t i t u en t
T O C

Oil and G r e a s e
BOD
T S S 1 3

V S S
D . O .

D.O. U p t a k e
Clso.

D i s s o l v e d Nn -N
T K N
P
K

H S L - V o l a t i l e O r -g a n i c s
H S L - S e m i - V o l a t i l eO r g a n i c s
H S L - P e s t i c i d e s a n d
P C B s
P C B C o n g e n e r s

E P A a

Method
4 1 5 . 1 / 9 0 6 0

413.1
405.1
160.2

— —

300.0
300 ^
J 5 U . i
351.2
3 6 5 . 2
200.7
8240

8270

8080

S t a n d a r d T o x i c i t yMethod T e s t i n g
X
X
X
X

209. D X
422. F X
213. B X

X
X
X
X
X
X

6 8 0 ( C u s t o m i z e d )

S o u r c e s : a ) U . S . E n v i r o n m e n t a lN o v e m b e r , 1986iiiii

b ) A P H A ,

P r o t e c t i o n A g e n c y S W - 8 4 6 ,

S t a n d a r d M e t h o d s f o r t h e E x a m i n a t i o nW a s t e w a t e r , 15 thPubl i c H e a l t h Assoc E d i t i o n , W a s h i n g t o n , D . C., 1980.
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M i x i n g was a c c o m p l i s h e d using a 2-inch diancter pro-p e l l e r on a s h a f t connected to a 1 / 2 0 hp v a r i a b l espeed mixer.
During the a c c l i m a t i o n p e r i o d , D . O , and pH were moni-tored d a i l y and c o n t r o l l e d between 2.0 and 6.0, and 6and 9, r e s p e c t i v e l y .
N u t r i e n t s were added to assure an excess of n i t r o g e nand p h o s p h o r o u s .
The a c c l i m a t e d c u l t u r e served as seed m a t e r i a l f or thetest reactors.

2.1 .3 S l u d g e B i o d e g r a d a t i o n T e s t
The s l u d g e b i o d e g r a d a t i o n s t u d y was c onduc t ed for 77 days a sf o l l o w s :

S i x 1 7 - g a l I o n reactors were s e t u p a c c o r d i n g t oT a b l e 2.2.
M i x i n g was a c c o m p l i s h e d with 1/2^ np mechanical mixersw i t h 2-inch d i a m e t e r p r o p e l l e r s . M o t o r s were l a t e ru p g r a d e d t o 1 / 1 5 h p .
D . O . , pH and t e m p e r a t u r e were moni t o r ed d a i l y . D . O .was maintained between 2 and 6 ppm by d i f f u s i n g airinto the reactors o": an as-needed b a s i s , w i t l i airf l o w s a d j u s t e d d a i l y .
T h e s o l i d s f o r t h e reactors were f r o m a c o m p o s i t es l u d g e s a m p l e taken f r o m 15 l o c a t i o n s in the SDS p o n d .
N u t r i e n t s were added to assure an excess of n i t r o g e nand p h o s p h o r o u s .
The room was kept at a t emperature of 72 F + 5 o
The pH was m a i n t a i n e d between 6.5 and 9 by a d d i t i o n of0 . 1 normal p h o s p h o r i c acid or s od ium h y d r o x i d e asneeded .
W a t e r l e v e l s were ^^ j u s t e d by a d d i n g d i s t i l l e d waterto u d u s - t b~ck to i_hr> no ev^
S a m p l e s were obtained by f i r s t s c r a p i n g the s i d e s andbot tom of the reactor to resuspend any s e t t l e dm a t e r i a l . W i t h the mixer turned on h i g h - s p e e d , a grab
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T A B L E 2-2
B I O L O G I C A L T R E A T M E N T

T E S T S C E N A R I O S

Reactor N o
1
2
3
4
5

S S = S l u d g e S o l i d s .

2-4
B-9

Reactor Set UP
.a (Pond W a t e r )o % S S '

0.5% ss
1.0% ss
5.0% S S
0.5% S S , 1.0% S S a d d e devery seven days to amaximum o f 4 .5% S S
1.0% SS a e r o b i c / a n o x i cint*7* irv 2 1 c

O

o

E718



IIIIIIIIIIIIIIIIIII

s a m p l e w a s then c o l l e c t e d f o r each reactor. I f mul-t i p l e s a m p l e containers were required for a reac tor ,each container was f i l l e d f r o m a s e p a r a t e s a m p l e .
A f t e r s a m p l i n g , t h e a i r a n d mixer w a s turned o f f a n dthe new water level marked.

2 . 2 T e s t R e s u l t s
2.2.1 A c u t e T o x i c i t v T e s t R e s u l t s

A c u t e t o x i c i t y t e s t i n g o f the pond water d emons tra t ed that thep o n d water d id no t p r o h i b i t microb ia l a c t i v i t y . I n d i g e n o u smicroorgani sms survived for e x t ended p e r i o d s in the pond water.During the s t u d y a s i g n i f i c a n t r e d u c t i o n in t o t a l organic carbcnconcentration ccurred ( 4 1 % ) , and s i g n i f i c a n t increases in t o t a land v o l a t i l e s u s p e n d e d s o l i d s ( 4 6 1 % and 6 2 % ) were a l s o observed.Based on TOG r educ t i on , D. 0. u p t a k e measurements , and the sus-p e n d e d s o l i d s increase, the pond water a p p e a r e d to be non-tox ic . The a n a l y t i c a l data are pre s en t ed in T a b l e 2-3. The D.O.u p t a k e da ta are pr e s en t ed in F i g u r e 2-1.
2 . 2 . 2 B i o l o g i c a l T r e a r i u e u t T e s t s R e s u l t s

T h e a n a l y t i c a l r e su l t s o f t h e b io trea tment s t u d y m i x e d - l i q u o rs a m p l e s for the s ix reactors are pre s en t ed in T a b l e 2-4. Ther e s u l t s are s egrega t ed by reactor in that t a b l e .
T h e d a t a f o r convent ional paramet er s such a s T S S , V S S , BOD, T O C ,and oil and grease varied e r r a t i c a l l y during the s tudy and areof marginal use in i n t e r p r e t i n g the r e su l t s of the s t udy . Asthe s t u d y p r o g r e s s e d , the p a r t i c l e s ize s of res idue in each re-actor varied and cons equent ly the amount of residue in su spen-sion in a reactor varied between s a m p l e d a t e s . T h i s causedv a r i a t i o n s in the a n a l y t i c a l d a t a .
V o l a t i l e organic c o m p o u n d s f r o m t h e hazardou s subs tance l i s t( H S L ) were e s s e n t i a l l y removed during t h e s t u d y . S e m i - v o l a t i l eHSL organic compounds were g e n e r a l l y removed t o below d e t e c t i o nl e v e l s in the water p h a s e , but as d i s cu s s ed l a t e r in th i s reportthe ir removal f rom the so l id phase may not have been c o m p l e t e .W i t h the e x c e p t i o n of some P C B s , however, the da ta i n d i c a t e re-d u c t i o n s o f a l l H S L c o n s t i t u e n t s , v i a t h e b i o l o g i c a l t r ea tmentproces s ( w h i c h i n c l u d e s an u n q u a n t i f i e d amount o f v o l a t i l i z a -
4- 4 -tv. \W J- W4 » f *

For reactors l l O u , 1200, and 1300, al l v o l a t i l e and semi-vola-t i l e HSL c o n s t i t u e n t s in the water phase were reduced to b e l ow
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A 9 7 3
T A B L E 2 - 3

A N A L Y T I C A L D A T A
A C U T E T O X t C I T Y R E A C T O R

P A R A M E T E R

T o t a l O r g a n i c C a r b o n
Oi I & C r e a s eT o t a l S u s p e n d e d S o l i d s
V o l a t i l e s u s p e n d e d S o l i d s
B i o c h e m i c a l O x y g e n DemandC h t o r i d e
S u l f a t e
A m m o n i a n i t r o g e n
T o t a l K j e l d a h ! s : t r .̂ •ar.
H n o s p h o r o u sP o t a s s i urn

U n i t s

m g / L
m g / Lm g / L
m g / L
m g / L
m g / L
m g / Lm g / L
" • g / L
I . I Q / Lm g / L

D A Y O F S T U D Y
9 15

440
17
70
60
1 1

359
29

0.8
7 . 2

8
82

384
9

632
1 1 0

310
27

541
134

22

260
13

393
97

O

o

2-6
B-ll



A C U T E T O X I C I T Y T E S T
D I S S O L V E D O X Y G E N U P T A K E R A T E S

D A Y O F S T U D Y

*£ O.C40 -
E
\O>J, 0.030 -
UJ

UJ*: 0.020 -
a.
qa o.cro -E

o.ooo -1

ii
i I I 1 I I I ! I ! I ! i I I I 1 I 1

3 5 7 9 1 1 1 3 1 5 1 7 1 9 2 '

ERM-5oathwc$t, Inc.
H O U S T O N . T E X A S

1 ? / ? « / 8 7 9 1 1 2 A 0 1

FIGURE 2-1
D I S S O L V E D O X Y G E N U P T A K E R A T E - A C U T E T O X I C I T Y T E S T
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P A S A « E T E R

T - v O L E 2 - 4

S l G T R E A T M E N T R g A C T O S

R E A C T O R N O 1100 - P O M ) W A T E R O N L Y

DAY OF STLOY

42 49 77

T S S ( D p i n )
V S S ( p p m )

C H L O R I D E ( D p m )
S O L E A T E f p c m )

BOOS i p D s n )
T O C ( p p m )

C ' L & C R E A S E ( D p m )

~ S L O R C A N I C S - V O L A T ' L E S
. ' T v n r i a M * r F T O N E

2 - B - j T A N L T i L
4 - M E T H Y L -

2 - P E N T ^ N O N E
T O L U E N E

1 1 , 1 -TRI -
C H L O « i O £ T H A N E

T O T A L X V L E ^ E S

H S L O S C A N I C S - S E M I V O L A T
2 4 - O l M E T H Y L -

P H E N O L
j - M E T H Y L P H E N O L
4 - M E r n V L P * - ' £ N O L

P H E N O L
N A P H T H A L E N E

2 - M E T H Y L -
N A P H T H A L E N E

3 5 J 1 5 8
278 100
341

19
23 32

380 560
26 27

I p p b J
75
:

17
5 •

a 3
e 2

I L E S ( p p b ) ( a )

20*
1 0 '
20*
10*
I D -

20*

' • 3 2 1 5 2 J l O O 4 1 0 4 : 0
^3 80 160 175 170

309 435
32 82

32 11 54 !
•*20 3 2 0 2 9 0 3 6 7 J 9 0

19 14 49 16 2

2 5 '
2 5 -

1 0 '
5*

5 '
5*

'.Q* 50* 10*
1 0 '
1 0 '

' 0 * 5 0 * 1 0 *
10* 50« 10*

5- SO* 10*

ino•«-
T—
•T-o

F O L V C H L O R ! N A T F O 9 I P H E N Y L S ( O D D ) ( 3 )
5 0 1 6
1 3 4 2
U60

3 2 '
3 3*

25*

3 2* 25* 5 '
3 2* 25* 5-

25* 25* 1 3

( a ) F o r some r t a c l o r s I M e c o n c e n t r a t i o n o f P C f l s i n ( h e m i x e d l i q u o r i n c r e a s e d w i t n t i m e
i n c r e a s i r . g amouni s o f s l u d g e t a r b a l l s m s u s p e n s i o n a s ( n e s i u d v p f o g r e s s e d

• R e p o r t e d c o n c e n i r a l i o n i s m e l h t x ) d e t e c t i o n l i m i t f o r s a m p l e

2-8
B-13
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T A B L E 2 - 4 <ccm
R E A C T O R D A T A

R E A C T C f t N O ' 1 0 0 - 1 / 2 P E R C E N T S L U D G E S O L O S

P t - R A M E T E R

T S S
V S S ( p p m )

O - t L O R l D E ( p p m )
S U L f A ' E i p p m )

BODS < r p m >
T O C ( p p m )

1 L & CREASE

S L O R C A N I C S - V O L A T I L E S ( D P b )
A C E T O N E

2 - B U T A N O N E
4 - M E T H Y L -

2 - P C N T A N O N E
T O L U E N E

1 1 . 1 - T K I -
C H L O R O E T V . A N E

T O T A L

• H S L O R C A N I C S - S E w l V O L A T I L E S t p p b ) ( 3 )
; 4 - D i W E T > 1 Y L -

PHENOL ^90
1 - M E T h Y L P H E N O L 8 3 0
4 - M E T H Y L P H E N O L H O

P H E N O L 4500
N A P H 1 H / L E N E 1 1 0 '

J - M E T H Y L -
N A P H T H A L E N E i 2 o e

P O L Y C H L O R i N A T E D B l P H E N V L S ( p p t » ( 3 )
T 0 1 6 0 6 5 '
1 2 3 2 1 1
1 2 4 2 0 65*

17

D A Y O F S T U J Y

28

1 0 C 1

1 0 0 '
1 0 0 '

5 0 '

3 . 2 '
3.7*

40
120

5 0 0 '

5 0 0 '
5 0 0 '

5001

100*
100*
100'
100*

60«
W
6 O '
60-
GO*

6 0 '

40
2 5 '
1 5 '

380

63

9 i 7 6 5 4
574 460
2 9 9

24
150 240
530 620
149 465

2 5 0 '
870

440
76

50*
97

990 2030 2850
700 1430 1950

442
73

100 99 120
600 510 500

60 ' ,7 204

2 5 -
25*

10*
s«
5*
5«

3090 4580
1190 3 C 9 0

3 9 ?
137

6
568 710

47 5

vO
O

o

N O T E S
( a ) F o r some r e a c t o r s t h e c o n c e n t r a t i o n o f P C Q s i n t h e m i x e d l i q u o r i n c r e a s e d w i t h t i m e

i n c r e a s i n g a m o u n t s o l s l u d g e l a r b a l l s i n s u s p e n s i o n a s t r i e s t u d y p r o g r e s s e d
• a e o o r t e d c o n c e n t r a t i o n i s m e t n o d d e t e c t i o n l i m i t ( o r s a m p l e
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374 T A B L E 2 - 4 i c o n i m u e d )
B I O T R E A T W E N T R E A C T O R D A T A

R E A C T O R N O T 3 Q O - ' . P E R C E N T S L U 3 G E S O I i D S

OAV OF STLDY

P A R A M E T E R 42 49 63 77

T S S ( p p m )
V S S ( p p m )

C H L O R I D E ( p p m )
S L . L F A T E < p p m >

3OO5 ( D p m )
T O O ( D O f f l )

O I L 4 C R E A S E ( . p p m )

M S I C « G A N I C S - V O L A T I L E 5
——— ~ .c
f . F * 7 r w r

2 - B U T A N O N E
f T H Y L B E N Z E N E

1 - M E X A N O I F .
4 - M g T H Y L -

1 - P E N T A N O N E
S T Y R E N E

1 . 1 . 1 - T R I -
C H L O R O E T H A N E
T O L U E N E

T O T A L X Y L E N E S

1 5 2 0 4 1 6
916 350
499

77
360 440
770 80v"
818 367

( P P D )
7 S ?
1*n

2000
100
150

1400
' 0 0

5 3 '
280
360

1090 9 5 5 0 3 5 7 0
810 7620 2 5 7 0

433
1 2 4

;ao 300 510
630 670 280

i ' 5 8 2 8 3

2 5 -
5-

1 5 '
5 '

10*

10*
5*

5*
5 '
5 '

3380 4680
2 2 7 0 2640

459
246

16
644 1100
107 560

H S L C R C A N I C S • S E M I V O L A T I L E S ( p p b ) ( 3 )
I . 4 - O I M E T H Y L -

P H E N O L
2 - w E T H Y L P H t N O L

4 - M E T H Y L P H E N O l
P H E N O L

N A P H T H A L E N E
2 - M E T H Y L -

N A P H T H A L E N E
P O L V C H L O H I N A V E D B 1 P H E N Y L S

1016
U 3 2
U 4 2
1260

1800
1500
4100
8600

240-

240-
i p p Q ) ( a )

0 65«
1 ]

0 63«
19

100- 500- 40'
40 •
40«

10O« 5 0 0 ' 40»
^00* 500* 40'

50« 500* 40'

0 99" 400« 86
0 y • 400' 50*

19 400« 50-
32 400« 410

r-o

O

N O T E S
( a ) f o r some r e a c t o r s t h e c o n c e n t r a t i o n o f P C B I * n t h e m i x e d l i q u o r i n c r e a s e d w i t h t i m e

m c f e a s i n g a m o u n t s o ' s l u d g e t a r b a l l s m s u s p e n s i o n a s t h e s t u d y p r o g r e s s e d
• R e p o r t e d c o n c e n t r a t i o n i s m e t h o d d e t e c t i o n l i m i t ( o r s a m p l e

2-10
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P A R A M E T E R

" * B L E 2 - * ( C O n l m u e d )

f l i G T S E A T M E N T R t A C T O R D A T A

i E A C T G H N O 1 4 0 3 - 5 P E R C E N T S l U O O E S O l . I D S

O A V O F S T L D Y

14 63

T S S < D p t n )
v s s f r o m )

C H L O R I D E ( p p m )
S t - L F A T E i p p m )

6CO5 D p m )
-DC .zonU

O I L 4 G R E ' S E ( D p m )

H S L O R G A N ' C S - ' v O L A T I L E S
A C £ " > J E
B E N Z E N E

i - R I T * v r i N F
* rnvi & F N / - - : N E

2 - H E * A N O N E
4 - w t T H Y L -

2 - = E i - J T A N O N E
S T V B f N E

1 ' , ! - ' « . -
C H L C R O E T H A N E
" O L L t N E

T O T A L X ^ L E N E S

M S L O R G A N . C S - S t M i ' v O L A T I
i s o P H o e o j E

2 . 4 -O f METHYL •
P H E N O L

2 - M £ T H > t P H E N O L
4 - « £ T H \ L P H E N O L

P H E K 3 L
N A P H T M A L E N E

I - M E T H Y . . -
h W P H T H A L E N E

P O L V O - i L ^ B ' N A T ^ D B I P H E N Y U !
1 0 1 6
1 2 3 2
U 4 2
1 2 6 0

10400 2000
6760 1640

5 1 7
43

847 310
' 8 0 0 1300

250 67

( D P D >
3 3 0 G
1500
9200

720
8 3 C

7100
590

no*
2200
2300

L E S (noti) ' ! /
580

53CO
5000

13000
31000

450"

450'

i ( D 0 t » U J
1 4 0 '

2400
141,"

1300

6770 6000 27600
5040 5000 21700

5 / 2
301

790 1400 850
!500 2 1 0 0 150C

2 3 2 2 3 1 2 1 7

4100
15*

7 5 '
1 5 -
30*

44
15*

15-
15*
15"

300«

100* 2000* 300'
3 0 0 '
300*

100* 2000* 300*
100' 2000* 300*

50* 2000* 300*

I 6' 1000» 540
I . b* 1000* l .iu*

O2 1 O u V / } A\l

100 1000" 940

620 2830
3 8 0 ' 0 3 0

6 1 5
709

81 00
' 6 2 0 1400 _ .

263 29

~̂
v-
O

•000*

1000'
' 0 0 0 '

1 0 0 0 '

320*
330-

!500
1600

• O T E S
, F o r some r e a c u v s t h e c o n c e n t r a t i o n o f P C B i i n t h e m i x e d l i q u o r i n c r e a s e d w i t h t . m e T h i s ' * d u e

i n c r e a s i n g a m o u n t s o f s i u d g e t a r D a i t s i n s u s p e n s i o n a s m e s t u d y p r o g r e s s e d
s e p o r l e o c o n c e n i f a t . o n i s m e t h o d d e t e c t i o n l i m i t l o r
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T S S ( p o m }
V S S ( P D m )

C H L O R I D E < p p m )
S U L F A T E t p p m )

BOD5 ( P D m )
T O C ( D p m )

^ i t , A C R E A S E ( p p m )

" S L O R C A N I C S - V O L A ^ I L E S ( p p O )
A C E T O N E
B E N Z E N E

2 - B U T A N G N E
E T H Y L B E N Z E N E

2 - H t X A N O N e
4 - M E T H Y L •

2 - P E N T A N O N E
S T Y R E N E

* . 1 . 1 - T R I -
C H L O R O e T H A N E
T O L U E N E

T O T A L X Y L E N E S

H S L O R C A N I C S - S E M I V O L A T I L E S
2 . 4 - D t w E T H Y L -

P H E N C L
1 - M E T H Y L P H E N O L
4 - M E T H Y L P H E N O L

P H E N O L
N A P H T H A L E N E

2 - M E T H Y L -
N A P H T H A L E N E

N A
N A
N A
N A
N A

N A

l A B L E 2 - 4 ( C o n t i n u e d )

B l O T R E A T M e N T R E A C T O R D A T A

N O 1 5 0 0 - 1 / 2 T O 4 5 P E R C E N T S L U X E S O L I D S

D A V S T L O Y

28 63

5 7 7 1 T 8 0 3990 10500
3 5 2 2 2 5 0 2840 8270
198 457

24 316
206 650 ^70 MOO
610 1000 930 1900
148 -»4 140 232

N A
N A
N A
.̂
N A

N A
N A

N A
N A
N A

4 7 f l O 2 3 5 O 3600
3020 ' 8 4 0 2 9 1 0

1300 :960
1700 900 2450

U S 3 0 6 3 9 3

460
t o *
S O *

0-
J O -

29
10*

10*
10*
10*

5 6 1 0
2790

649
6 5 5
1 4 2

2500
2 3

25*
5-

2 5 -
5 '

10*

10-
5*

S *
5-
5 *

Oo
T-
T-
T"
O

5900

2 1 0 * 14000
220 4000'

340 4000*

300*
300*
300*
3 0 0 °
300*

300*

500-
500-
5 0 0 '
5 0 0 '
500-

5 0 0 '

26*
26*

160
830

1000'
1000*
1 0 0 U -
1000-

510
110*
i:0*

i 9 G O

550*
550*
550*

3700

P O L Y C H L C R I N A T E O B i P H E N Y L S ( p p b ) ( a )
1016 0 . 6 5 *
1 2 3 2 ' 0
i 1 4 • U 0 3 '

.260 7 . i

N O T E S
( a ) F o r some r e a c t o r ? ( t i e c o n c e n l r a i r o n o f P C B S i n t h e m i ; : e d I i q u o f m c r s a s e d w i t n t i m e

i n c r e a s i n g a m o u n t s o ! s . uage t a r s a i l s m s u s p e n s i o n a * t h e s t u d y D ' o g r e s s e d
R e p o r t e d c oncern r a t u ; r • > % m e t h o d d e l c c l i o n l i m i t ( u i s a m p l e

N A N O !

rnu i s <iue t o
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374 T A B L E 2 - 4 ( C O n t

B i O T R E A T M E N T R E A C T O R D A T A

R E A C T O R N O 1600 - 1 / 2 P E R C E N T POND S L U D G E A t R O B l C / A N O * 1 C C Y C L I N G

D A Y O f S T U D Y

14 49

1 2 4 B 0 - 6 5 "
1260 13 1000 1000* 760

63 77

T S S ( D p m )
v s s ( p p m )

C H L O R I D E ( p p f f l )
S U L F A T E ( p p m )

BCO5 ( £ > p m )
T G C i c p f i i )

~ ' L & C R E A S E ( p p m )

--SL O R G A N I C S - V O L A T t l E S
A C E T C H E
B E N Z E N E

3 - R I , T * M T N F i
E 1 M Y L t f t N Z E N C

2 - H E X A N O N E
4 - M E T H Y L -

2 - P E N T A N O N E
S T Y H E N E

• 1 . 1 - T R i -
C H L O R O E T H A N E
T O L L E N E .

T O T A L X Y L E N E S
i ~ S L O R G A N ! C S - S E M I V O L A T 1

2 . 4 - D i w E T H Y L -
P H E N O L

1 - M E T H Y L P H E N O L
4 - M E T H Y L P H E N O L

P H E N O L
N A P H T H A L E N E

2 - M E T H Y ) -
N A P H T H A L E N E

P O L Y C H L O R i N A T E D B I P H E N V L !
1 0 1 6
1 2 3 1
1 2 4 2

6 9 7 S A 5
448 490
342

22
382 270
680 800
139 45

( P D b )
840
100

2000
S 5

120

990
56

50*
160
200

i L E S t p p d ) ( a )

1300
850

2800
6300

120-

120*

s ( p p b ) ( a )
0 - 6 5 *

19
0 65*

7160 3080 3450 2680 4730
5 5 3 0 2 1 3 0 2440 1950 2600

441 437
89 246

230 700 510 37
780 760 560 713 1500
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5*

25*
23
.0*

13
19

5*
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70

100- iOOO* 310 500*
150
190

100* 2000* 140 500*
200 2000* 100* 500*

200 20001 100 ' 500*

52* 1000* 310 33*
51* 1000* 1 0 0 ' 32"

5 7 0 l O C ' U * 100" J *

1100

N O T E S
; a ) P O T some r e a d e r s m e concent r a l i o n o ( PCBs i n t t i e m i x e d l i q u o r i n c r e a s e d * i t n t u n e

i n c r e a s i n g a m o u n t s o f s l u d g e t a r b a l l s i n s u s p e n s i o n a s t^ie s t u d y p r o g r e s s e d
• R e p o t t e d c o n c e n t r a t i o n i s i i e t h o d d e t e c t i o n \nn\i. » o r s a m p l e
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d e t e c t i o n l i m i t s by day 42 . N o t e that d e t e c t i o n l i m i t s f o rseveral compounds varied between s a m p l i n g days and g e n e r a l l yincreased with time. For reactor 1400, all v o l a t i l e and semi-v o l a t i l e c on s t i t u en t s were reduced to below d e t e c t i on l i m i t s byday 42 exc ep t acetone and 4-me thy l-2-pen tanone . Both are knownto be r eadi ly b i od egradab l e , and the la t t er had, at that p o i n t ,been reduced by over 93%. Ace tone could have been pre s ent atincreased concentrat ions due to f o r m a t i o n as a d e g r a d a t i o n by-product. Reactor 1500 had the same two compounds present at day42 but by day 77 they had been reduced to below d e t e c t i o nl i m i t s .
A phase s e p a r a t i o n occurred in the reactors and a heavy tar-l i k e residue was f o r m e d and began a c c u m u l a t i n g on the b o t t o m s ofthe reactors. T h i s phenomenon was f i r s t observed in reac tor s1400 and 1500 on day 28.
T h i s res idue was s a m p l e d on day 42 f r o m reactor 1400 and on day77 f r o m reactors 1400 and 1500. The t a r - l i k e r e s idue was anal-yzed f or th e HSL organics on both occasions. Resu l t s o f the s ea n a l y s e s are compared wJ th raw z l u d g c d a t a in T ^ b l e 2-5. Forall three s a m p l e s the lev*?"- -: cf • " c l i t i l c and cer . i-vc l?f i 1 s HSLc on s t i t u en t s were below s a m p l e d e t e c t i o n l i m i t s . T h e d e t e c t i o nl i m i t s f o r s e m i - v o l a t i l e s were r e l a t i v e l y h i g h , rang ing f r o m 140to 350 p p m .
A mass balance was conducted for reactor 1400 and the r e s u l t sare summarized in T a b l e 2-6 and the d e t a i l e d a n a l y s i s is pre-sented in T a b l e 2-7. For v o l a t i l e organic c ompound s the d a t aind i ca t e s s u b s t a n t i a l l y c o m p l e t e removal, 98%. For the semi-v o l a t i l e compounds, the data is l e s s d e f i n i t i v e due to highd e t e c t i o n l e v e l s in the res idue. It i s a p p a r e n t , however, thats i g n i f i c a n t r educ t i ons in s e m i - v o l a t i l e compound c o n c e n t r a t i o n sdid occur, 81% or more, in Reactor 1400.
PCBs were de t e c t ed in the re s idue at c oncentra t i ons above tho s ethat had been detected in the raw s l u d g e sampl e . The raw s l u d g ehad been sp iked to a p p r o x i m a t e l y 100 ppm Arochor 1260 to assurethat there would be s u f f i c i e n t amount present to d e m o n s t r a t eb iodegradat ion if it occurred. The concentrations of PCBs inthe residue f r o m reactor 1400 on day 42 were a p p r o x i m a t e l yd o u b l e those which had been d e t e c t e d (and e s t i m a t e d ) in the rawspiked s ludge . Since the volume of the residue was a p p r o x i m a t e l yo n e - h a l f of the or ig inal s l u d g e volume added to each reactor,the PCBs were a p p a r e n t l y concentrated in the residue. 3y day77, however, reactor 1400 residue PCS concentrations did a p p e a rto be reduced somewhat, p a r t i c u l a r l y if A r o c l o r s 1232 and 1242are assumed not to be pre s ent .
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T A B L E 2 - 5

C O M P A R I S O N B e i W E E N R A W S L L O G E A N D R E A C T O R R E S I D U E S

R E A C T O R 1400 R E A C T O R 1500

DAY 42 DAY 77 DAY 77
R E S I D U E H E S t D U E R E S I D U E

R A W S L L O C E C C N C E N - C O N C E N - C O N C E N -
C O N C E N T R A T 1 O N T R A T 1 O N S T R A T 1 O N S T R A T 1 Q N S

D E F E C T E D P A R A M E T E R S < p p m ) ( p p m > t a > ( p p m ) ( a ) < p p m ) ( a )

H S L O R C A N I C S - V O L A T 1 L E S

B E N Z E N E
E T H Y L B E N Z E N E
S T Y R E N E
T E T R A C H L O R O E T H F . N E
T O t L E N E
T O T A L X Y L E ^ E S

H S L O R G A N I C S - S E M I V O L A T I L E S ( b >

2 - M F . T W V 1 N A P H T H A I F N F
N - F t - ' T H A t ^ N t
N - N 1 T R O S C O 1 P K E N Y I A M 1 N E
2 , 4 - D 1 M E T H Y L P H E N O L
2 - M E T H Y L P H E N C L
4 - M E T H Y L P H E N Q L
P H E N O L
H S L O R C A N I C S - P E S T I C I D E S / P C B S

A R C H L O R - 1 0 1 6
ARCHLOR- t 160

C O N G E N E R A N A L Y S I S

' . O O C H L O R 0 8 1 P H E N Y L
D l C H L O f i O S t P H E N Y L S
T R 1 C H L O R O B 1 P H E N Y L S
T E T R A C H L O R G B i P H E N Y L S
P ENT A C H L O R O B 1 PHENY L S
H E X A C H L L W O e i P H E N Y L S
H E P T A C H L Q f t O B I P H E N Y L S
O C T A 1 L O P . 0 8 I P H F . N Y L 5
N O N A C H L G R O B 1 P H E N Y L S
D E C A C H L O R 0 8 1 P H E N Y L

170
580
340

51
700

1600

120
27u
190
460
340
850

1500

55
1 3 < 1 0 0 ) ( C )

ND
8.4
9 8

t.l
3 8
1 7

ND
ND
ND
ND

<0 . 5
<0. 5
.0 5
<0.5
<0 5
<Q. 5

• 300
- j r , o
<300
.300
OOO
<300
UOO

100
140

ND
70

UO
120

aa
200
110
6 6

ND
ND

<0.5
<0.5
iO 5
<0 5
<0 5
' 0 5

• 140
' 140
<140
O40
<140
<140
<140

<40
150

f , R E D U C T I O N
•DAY *l to 77

8 1
U 03
15 88
11 91
28 66
59 71
14 67

6 6 0
ND
ND

<0 5
• 03
40 5
<0 5
<0 5
<0 5

«350
• 350
( 3 5 0
<350
<350
<350
<350

>40
240

CM

, ' O T A L J 7 - ' - " ' 5 4
N O T E S
i a ) T h e r e s i d u e r e p r e s e n t s a p p r o x i m a t e l y 5 0 % o l t h e m a s s o f t h e o r i g i n a l s l u d g e w i t h n o d e g r a d a t i o n .

a n d 100% c o n c e n t r a t i o n o f c o n s t i t u e n t s i n t h e r e s i d u e , t h e r e s i d u e c o n c e n t r a t i o n s w o u l d b e
a p p r o x i m a t e l y d o u b l e t h o s e o f t h e s l u d r e ,

( b ) B i s ( 2 - E t h y l h e x y ! ) p h l h a l a t e w a s d e t e c t e d ' n t h e r e s i d u e s b u t n o t i n t h e r a w s l u d g e , i l i * b e l i e v e d
t o b e A l a b o r a t o r y c o n t a m i n a n t r e s u l t i n g f r o m t h e u s e o f p l a i t i c r e a c t o r s

( c ) T h e s l u d g e a d d e d S o t h a r e a c t o r s w a s s p i k e d w i t h A r c h l o r U 6 0 t o a t o t a l c o n c e n t r a t i o n o f a p p r o x i m a t e l y
100 r j p m 2-15
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T a b l e 2 - 6

M A S S B A L A N C E S U M M A H V - R E A C T O R 1400 - 5 P E R C E N T S L L O C E S O L I D S
P H A S E 1 B I O L O G I C A L T R E A T M E N T S T L O Y

S H E R I D A N D I S P O S A L S I T E

P A R A M E T E R

T I M E
Z E f l O

T O T A L
M A S S [ a )

( g r a m s )

61300
7 1 5 0
3465
2 4 3 9

18 99
2 6 . 9 6

1 20

DAY 42
T O T A L

M A S S I b l
( g r a m s )

63300
4 3 5 2
3903
1 9 7 2

0 68
7 69
t • •

DAY 77
T O T A L

M A S S ( b )
( g r a m s )

6 3 3 0 0
3 5 6 0
3 1 5 4
2099

0 54
5 02
i . ; o

DAY 77
P E R C E N T

M A S S
R E M O V E D

0
50

9
M

Q8
81

1

W A T E R M A S S
S L U X C M A S S ( w e t w e i g n t )
S L L O G E M A S S ( d r y w e i g h t )

O I L 4 C R E A S E

T O T A L D E T E C T E D v Q L A T l L E S
T O T A L D E T E C T E D S E M I V O L O A T I L E S
T O T - , , . ^ : ~ C 0 7 £ D P C 8 S [ c ]

N O T E S
l a ] T h e t i m e z e r o m a s s w a s c a l c u l a t e d f o r d a t a o n pond w a t e r a n u n t r e a t e d s l u d g e

( w i t h e s t i m a t e d 1 0 0 p p m s p i k e o f A T o d o r U 6 0 > v o l a t i l e , s emi v o i a t i l e a n d P C S
d a t a were n o t a v a i l a b l e f o r pond w a t e r a n d wer e a s s u m e d t o b e z e r o ( t h i s i s a
c o n s e r v a t i v e a s s u m p t i o n r e s u l t i n g i n t h e l o w e s t o v e r a l l r e m o v a l e f f i c i e n c i e s )

l b ) T o l a * m a s s i n r e a c t o r D t u s m a i s removed d u r i n g s a m p l i n g F o r s l u d g e m a s s t h e
m a s s e s o f t o t a l s u s p e n d e d s o l i d s t n t f i e r e a c t o r a n d o f r e s i d u e were i n c l u d e d
m u>e c a i c u i a t i o n

[ c | A r o c i o r 1 2 6 0 w a s a d d e o t o t h e s l u d g e b e f o r e . I s a d d i t i o n t o t h e r e a c t o r s a t A
t a r g e t c o n c e n t r a t i o n c ' ' C O p p m i n t h e s l u d g e

o

2-16
B-21



•J . i 1
. . . f . J ,_l i-

I

? i n * j f ! U i ": _ ± t ; i ? j - * « t s! i«: * B ; I • i • * •i i ! Z ? : i 't i j ; = • i - - 1 » ;' 8 s 1 1 i ' : ; » i ; ;

» I • r ; i s ? , „ r . S " I i e tI I S i t I ' S S a j r S i ' f l E1 1 l i t * 3 f i a - * i ' r " r f f H- - - . I i * « ' I I I 5 * ' S l
!Eg;| f » •*?• 5 | - I s *

S i- rj |i ft *
H1 :M! t* t

:
j
*

! ;

Ir
Ii
;,t
S
i
5
'
-
*ii
i
K!
;
î
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The mass balance f or Reactor 1400 ( T a b l e 2 - 7 ) showed an o v e r a l l2 percent decrease i n t h e mass o f P C B ' s . T h i s mass b a l a n c e ,however, was conservative because it assumed that the concentra-t i on of non d e t e c t e d A r o c l o r s 1232 and 1242 were equal to t h e i rd e t e c t i o n l i m i t s in the day 77 s a m p l e s . T h i s r e s u l t e d in anegative percent removal for these two A r o c l o r s , because of in-creases in the d e t e c t i o n l i m i t s for the s l u d g e s a m p l e s . i f i tis assumed that the mass of these two A r o c l o r s does not changef r o m that o r i g i n a l l y measured in the reactors ( a l s o a conser-vative a s s u m p t i o n ) the to tal reduct ion in PCS mass in Reactor1400 in 77 days is c a l c u l a t e d to be 23 perc ent .
The res idue is a h y d r o p h o b i a mat er ia l which is s emi- s o l i d innature. It and the P C B s contained in it a p p e a r to be in a r e la-t i v e l y i m m o b i l e s t a t e . A l t h o u g h b i o t r ea tmen t d i d n o t c l e a r l yremove all the s e m i - v o l a t i l e compounds and P C B s i t a p p a r e n t l ydid render them le s s m o b i l e by c o n c e n t r a t i n g them in theresidue.
Two a n a l y t i c a l me thod s were used in mea sur ing the P C B s . TheA r o c l o r a n a l y s i s , ( M o * - b o H n n n n \ i .=• * c r r _ p x n method which is thea p p r o a c h s p e c i f i c i « T h e F P A rinnr.rar.t L a b u c - a c o c i Program. T h econgener a n a l y s i s was used because the A r o c l o r a n a l y s i s , w h i l eit is the a c c ep t ed method for PCB q u a n t i f i c a t i o n has some short-comings wi th r egard s to a s s e s s ing b i o d e g r a d a t i o n . A r o c l o r s aremadeup o f mixture s o f congeners. D i f f e r e n t congeners haved i f f e r e n t degrees o f b i o d e g r a d a b i l i t y . A s d e g r a d a t i o n p r o c e e d sit can a l t e r or de s troy the p a t t e r n s by which the i n d i v i d u a lA r o c l o r s are i d e n t i f i e d . The GC-MS congener a n a l y s i s enabl e s ananaly s i s o f c h l o r i n a t i o n level d i s t r i b u t i o n s wi th in a s a m p l e .S i n c e lower c h l o r i n a t i o n level PCBs are t y p i c a l l y the mostr e a d i l y b i o d e g r a d e d , a s h i f t in the congener d i s t r i b u t i o n be-tween s a m p l e s c a n i n d i c a t e b i o d e g r a d a t i o n . T h e G C - M S m e t h o d ,however, has not been r e f i n e d to a p o i n t that it o f f e r s r e l i a b l eq u a n t i f i c a t i o n f o r P C B s l u d g e s . F i g u r e 2 - 2 i l l u s t r a t e s t h e con-gener d i s t r i b u t i o n s based on the M e t h o d 680 r e s u l t s for r e s idues a m p l e s taken f r o m Reactor 1400 on days 42 and 77. N o t i c e thatfor congeners with f i v e ch lor ine atoms or f e w e r the c u m u l a t i v eperc en tage present is s i g n i f i c a n t l y l e s s in the day 77 s a m p l ethan in the day 42 s a m p l e . T h i s trend is even more s i g n i f i c a n tfor congeners with f o u r ch lor ine s or f e w e r . S u c h a change incongener d i s t r i b u t i o n is a good ind i ca t i on that b i o d e g r a d a t i o nhas occurred. The conc lu s ions based on these da ta should beconsidered t e n t a t i v e due to the s ta t e of d e v e l o p m e n t of theGC/MS PCB a n a l y s i s - S i n c e only two aa*:a s e t s &.-&s t a t i s t i c a l compari son of the da ta i s nut p o s s i b l e .
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3 - D E S I G N I M P L I C A T I O N S
3 .1 P r e l i m i n a r y D e s i g n C o n c e p t s
Ths u s e o f b i o l o g i c a l treatment to reduce the m o b i l i t y , t o x i -c i t y , or volume of wastes may be a t e c h n i c a l l y f e a s i b l e o p t i o n .The data acquired to d a t e , however, are not s u f f i c i e n t to d e s i g na s p e c i f i c b i o l o g i c a l treatment system at the SDS site. Toassess the general de s ign i m p l i c a t i o n s of using b i o l o g i c a ltreatment , a p r e l i m i n a r y basis for d e s i g n is prov ided below:

S l u d g e : w a t e r ratio
S e e d material
S l u d g e volume reduc t ion
T r e a t m e n t p er i od required
A e r a t i o n energy required

= 1:9
- native microorgani sms
- 50%
= 90 days
- 0 .75 h o r s e p o w e r / 1 0 0 0cubic f e e t (100 H P / M G )

P e r i o d i c re suspens ion of residue by cutter-head d r e d g e , or other
.!»«._. _, t • i~± rr^ri\j ij^^ T"I-*^ • • • ^ •—•• *

100 l b s / 1 0 6 Ib s o f s l u d g e2 0 l b s / 1 0 6 I b s o f s l u d g e

20 l b s / 1 0 6 Ibs o f s l u d g e20 l b s / 1 0 6 Ibs o f s l u d g e

N u t r i e n t requirements:
N i t r o g e nPhosphorou s

p H C o n t r o l :
A c i d a d d i t i o nBase a d d i t i o n

Because the treatment residue is h y d r o p h o b i c it a p p e a r s to ber e a d i l y dewatered. For f i n a l d i s p o s a l th e residue could b es t a b i l i z e d or bulked with soil at an a p p r o x i m a t e rat io of 2:1( s o i l : s l u d g e ) , a l t h o u g h t e s t i n g o f d i f f e r e n t b u l k i n g ra t i o s i sneeded f o r f i n a l d e s ign.
3 . 2 O p t i o n s f o r F u r t h e r T e s t i n g
The most l o g i c a l next s t e p for t e s t i n g is to conduct a secondround of laboratory s tud i e s in which o n l y one l o a d i n g rate iss tud i ed ( 1 : 9 s l u d g e to w a t e r ) . More a n a l y s i s o f the s l u d g e andresidue at the b eg inning and end of the s tudy should be ob ta inedto provide a strong s t a t i s t i c a l basis for drawing conclus ions*bout the u l t i m a t e degree o f HSL organics and PCB removal e f f i -ciencies. During this s t u d y , other sources of .sicro- organi smsshould be tes ted for their a b i l i t y to degrade PCBs ana/or reducethe volume of residue produc ed . A l s o during this s tudy the phases epara t i on phenomenon should be s tudied to de t ermine when itoccurs and i d e n t i f y o p p o r t u n i t i e s to o p t i m i z e the system.
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4 - C O N C L U S I O N S A N D R E C O M M E N D A T I O N S
4.1 C o n c l u s i o n s

1 . T h e b i o d r g r a d a t i o n proce s s ( i n c l u d i n g v o l a t i l i z a t i o n )e f f e c t i v e l y reduced c onc en t ra t i on s o f a l l v o l a t i l e H S Lorganic c on s t i t u en t s de t e c t ed in the s l u d g e by 98% inthe most h e a v i l y l oaded reactor.
2 . T h e b i o d e g r a d a t i o n proce s s reduced s e m i - v o l a t i l e H S Lorganic c on s t i t u en t s by 81% or more in the mosth e a v i l y l o a d e d reactor.
3. PCB removal was not c l e a r l y d e m o n s t r a t e d . H o w e v e r ,l i m i t e d da ta does ind i ca t e that some PCB d e g r a d a t i o ndid occur.
4. The b i o d e g r a d a t i o n proc e s s reduced the volume ofs l u d g e t o a p p r o x i m a t e l y h a l f o f i t s o r i g i n a l volume.The r e s u l t i n g re s idue is a t a r - l i k e subs tance wi th as p t i - - .^r i o y i a v i t y of 1.2- Based cr. visual ob s ervat ionchc K a t c r i a l is e a s i l y dcvatercd as it f o r m s d i s c r e t eh y d r o p h o b i c b a l l s . The mois ture content o f th e resi-Mue f r o m day 77 s a m p l e s was between 14.9 and 18.1percent . On a dry s o l i d s bas i s , the mass r educ t i onachieved is min imal .
5. The h ighe s t l o a d i n g rate u s ed , 5% s l u d g e s o l i d s , d idnot re sul t in a p p a r e n t t o x i c e f f e c t s in the reactor.
6. A e r o b i c / a n o x i c c y c l i n g does no t a p p e a r t o o f f e r s i gn i-f i c a n t b e n e f i t s over s i m p l e aerobic t r e a t m e n t .
7. S t e p w i s e s l u d g e a d d i t i o n s do not a p p e a r to re sul t ins i g n i f i c a n t a d v a n t a g e s over a s i n g l e s l u d g e a d d i t i o n .

4.2 Recommendat i ons
1. Conduct a d d i t i o n a l b i o l o g i c a l treatment s t u d i e s tobe t t er d e f i n e t h e extent o f P C B d e g r a d a t i o n a c h i e v a b l eand the d egre e o f s l u d g e volume r educ t i on a t t a i n a b l e .
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P H A S E I I
B I O L O G I C A L T R E A T A B I L I T Y REPORTF O R

S O U R C E C O N T R O L F E A S I B I L I T Y S T U D Y

I N T R O D U C T I O N
The Phase I B i o l o g i c a l T r e a t m e n t S t u d y was a p r e l i m i n a r y s t u d ywhich y i e l d e d da ta i n d i c a t i n g a s i g n i f i c a n t s l u d g e volume reduc-t i on cou ld be a c c o m p l i s h e d via b i o d e g r a d a t i o n , and that reduc-t ions in the mass o f v o l a t i l e and s e m i v o l a t i l e organi c c o m p o u n d sand p o s s i b l y PCBs could a l s o be achieved. C a l c u l a t i o n of them a g n i t u d e o f these r e d u c t i o n s , however, was c o m p l i c a t e d by thel a r g e number of s a m p l e s which were c o l l e c t e d and the manner inwhich they were c o l l e c t e d ( i . e . , mixed l iquor s a m p l e s a s o p p o s e dt o s e t t l e d s u p e r n a t a n t a n d s o l i d re s idue s a m p l e s ) . T h e p r i m a r yo b j e c t i v e o f t h e Phase I I s t u d y w a s t o b e t t e r d e f i n e t h e magni-tude o f th e r educ t i ons in s l u d g e vo lume , s l u d g e mass , v o l a t i l eorganic co: i p ^ u . id v . ' ,do 5 , S c i T t i V G l c t i ? c o r g a n i c compound mass andPCB mass.
T w o a d d i t i o n a l s t ud i e s were a l so conducted d u r i n g t h e Phase I Is tudy. F i r s t , a phase s e p a r a t i o n s tudy was conducted toe s t a b l i s h when the s l u d g e began to s e t t l e out to the b o t t o m ofthe reactors and when i t began to f o r m tar b a l l s . T h i s s t u d ywas based on visual ob servat ion made in a six g a l l o n s t i r r edreactor. S e c o n d , a s t udy o f c o m p o s t i n g us ing W h i t e Rot F u n g u s(a l i g n i n d e g r a d e r ) was a l s o conducted u s ing wood c h i p s as amedium. Li t e ra tur e indicated that th e s p e c i f i c specie s o f W h i t eR o t F u n g u s t e s t ed o f f e r e d s i g n i f i c a n t p o t e n t i a l f o r P C B degra-d a t i o n . Di s cu s s i on s w i t h a coauthor of much of the l i t e r a t u r el ead t o d e v e l o p m e n t o f th e c o m p o s t i n g t e s t .

A Q U E O U S B I O L O G I C A L R E A C T O R S
The test was s t ar t ed on N o v e m b e r 20, 1987. The s l u d g e wass p i k e d with A r o c l o r 1260 a n d c a r e f u l l y h o m o g e n i z e d . S i x s p i k e ds l u d g e s a m p l e s were c o l l e c t e d f or a n a l y s i s on day zero. R e s u l t sfor these a n a l y s e s are r epor t ed in T a b l e C - l , as are the aver-ages and s tandard d e v i a t i o n s f or those r e s u l t s . The averagev a l u e s are used as the basi s o f c ompari son for l a t e r s a m p l e s .
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At s t a r t - u p each of three reactors received 5 7 . 2 l i t e r s o f pondwater and 2.14 kg of s l udge . Reactor 2100 was seeded w i t hnative micro-organi sms. Reactor 2200 was seeded wi th organi smsp r o v i d e d by G e n e r a l E l e c t r i c which have d e m o n s t r a t e d a b i l i t y todegrade PCBs in l a b o r a t o r y s t u d i e s . Reactor 2300 was seededwith mi croorgani sms p r o v i d e d by Microbe M a s t e r s , I n c . which havedemonstrated a b i l i t y to degrade high mol e cu lar weight hydro-carbons and other compounds re s i s tant to b i o d e g r a d a t i o n . Other-wise, the reactors were operated in the same manner as d u r i n gthe Phase 1 S t u d y and the same a n a l y t i c a l procedure s were used.
On day 71 ( J a n u a r y 29) water and s ludge sampl e s were c o l l e c t e df r o m each reactor f o r a n a l y s i s . ( E P A observers c o l l e c t e d s p l i ts a m p l e s f r o m Reactors 2200 a n d 2 3 0 0 ) . R e s u l t s o f a n a l y s e s o fday zero and day 71 s a m p l e s are p r e s e n t e d in T a b l e C-2.
Mass balances were conducted for each reactor and r e su l t s aresummarized in T a b l e C - 3 . R e s u l t s i n d i c a t e that the we t we igh tof s l u d g e was reduced 40 to 49 p er c en t . On a dry weight b a s i s ,however, the mass o f s l u d g e was e s s e n t i a l l y unchanged (. 2% to12.9% r e d u c t i o n ) . Reduc t i on s in the mass of oil and g r e a R pranged f r o r u 15 pe£c«.~.t to 25 percent. ( C o u l d v -̂y s J . l u f c t l v dueto assumed c onc en t ra t i on s of oil and grease in the water pha s e .A s s u m p t i o n s were based on Phase 1 observations.)
Reduc t ions of v o l a t i l e , s e m i v o l a t i l e and PCBs were a l s o observ-ed. V o l a t i l e h a z a r d o u s or^-^^c compound s were reduced ( v i a bio-d e g r a d a t i o n and v o l a t i l i z a i ;) b e l ow th e level o f d e t e c t i o n inall three reactors. S e m i v - .ati le hazardous organic compoundswere reduced by 84 to 06 percent in each reactor. D e t e c t i o nl i m i t s were used as the actual concentra t i on in the se c a l c u l a -tions. More v a r i a b i l i t y occurred in the l eve l of PCB removalbetween the reactors (based on A r o c l o r a n a l y s e s ) . Reactor 2 2 0 0 ,which used the General Elec tr i c micro-organisms appears to haveshown a PCB reduc t ion of 53 percent . The M i c r o b e M a s t e r s micro-organisms used in Reactor 2300 a p p e a r to have r e su l t ed in a 44percent r e d u c t i o n in PCB mass. Reactor 2100 used native micro-organi sms and a p p e a r s to have r e su l t ed in a 43 percent r e d u c t i o nin PCBs.
The d e t a i l e d mass ba lance s are pr e s en t ed in T a b l e s C-4 throughC-6.
A GC/MS analy t i ca l method (Method 680) was used to measure con-gener d i s t r i b u t i o n s w i t h i n the sanp.l.e s . A x t h o u g n ic proved notto be accurate for de t-er i i i ininc f p t e t o i s e c -unueu t -Lat i on s , t_iie d a t ad e v e l o p e d a r e u s e f u l f o r d e t e c t i n g b i o d e g r a d a t i o n . I n g e n e r a l ,congeners with f e w e r chlorine atoms a t tached are more r e a d i l ybiodegracied than more h i g h l y chlorinated congeners. A s h i f t in
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083d T A B L E C - 2
P H A S E 2 B I O L O G I C A L T R E A T A B I L I T Y S f U O T

A N A L Y T I C A L R E S U L I S

T i m e Z e r o ( N o v e n f c e r 2 0 , 1 9 8 7 ) Bay 71 ( J a n u a r y 29, 1958)

OI

P A R A M E T E R
V O L A T 1 L E S
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the d i s t r i b u t i o n of congeners w i t h i n a reactor t h e r e f o r e can bean i n d i c a t i o n o f b i o d e g r a d a t i o n . The d i s t r i b u t i o n o f congenersin each reactor at day 71 are p l o t t e d agains t the i n i t i a l con-gener d i s t r i b u t i o n in the s l u d g e in F i g u r e C - l . For the t imezero d a t a , 95% c o n f i d e n c e in t erval s around the congener d a t awere c a l c u l a t e d and are shown in F i g u r e c-1. A s i g n i f i c a n treduct ion in the r e la t ive p r o p o r t i o n s of mono through p e n t ac h l o r o b i p h e n y l s i n d i c a t e s that s i g n i f i c a n t b i o d e g r a d a t i o n o fPCBs may have occurred. The degree of the s h i f t s a l s o corres-p o n d s wel l to the re la t ive amount of reduc t ion observed betweenreactors, ( i . e . Reactor 2200 showed more reduc t ion by both anal-y t i ca l methods than Reactor 2100, which showed more than Reactor2300 by both m e t h o d s ) . The conc lu s ions based upon these d a t ashould be considered t en ta t ive due to the s t a t e of d e v e l o p m e n to f t h e G C / M S P C B a n a l y s i s .
The reactors were shut down a f t e r 186 days o f o p e r a t i o n (May 24,1 9 8 8 ) . The wet weight of re s idue in the b o t t o m of each reactorwas measured and s a m p l e s of the residue were f r o z e n for p o s s i b l ef u t u r e a n a l y s i s . Very l i t t l e a d d i t i o n a l r e d u c t i o n in we t massoccurred in any of the reactors between dav 71 and dav 186.
P H A S E S E P A R A T I O N S T U D Y
As a suppl ement to this b i odegradat i on s tudy , a short study wasinducted to inv e s t i ga t e the phas e s e p a r a t i o n phenomenon whichoccurs during b io log i ca l treatment of the s l u d g e in stirredreactors. I n i t i a l l y , 31.5 pound s of pond water and 3.5 pound sof s l udge were added to a six g a l l o n reactor with a 1/15 HPmixer. V o l t and amp measurements on the power s u p p l y to themixer were used to monitor the mixing energy in the reactor.M i x i n g energy was mainta ined at h i g h l e v e l s r e l a t i v e to thatt y p i c a l l y required f or activated s l u d g e ( i . e . 4 .5 H P / 1 0 0 0 f t 3 o rmore compared to 0.6 to 1.15 H P / 1 0 0 0 f t 3 ) .
Phase s e p a r a t i o n occurred wi th in 24 hours and tar b a l l f o r m a t i o noccurred wi th in one week. W i t h i n two weeks the tar b a l l s hadbecome r e l a t i v e l y f i r m and did not tend to a g g l o m e r a t e t o g e t h e rin large masses. The size of the b a l l s decreased with time andwere 1/8 to 1/4 inch in d iame t er or l e s s at the end of two tothree weeks.
H i g h e r m i x i n g energies (>8 H P / 1 0 0 0 f t 3 ) caused an increase inthe size of the tar b a l l s . T h i s phenomenon was a p p a r e n t l y dueto a s n o w b a l l i n g e f f e c t f r o m the r o l l i n g o f tar b a l l s around theedge of the reactor.
COMPOST REACTORS
Drs. Bumpus and Aust o f Utah S t a t e U n i v e r s i t y ( b o t h p r e v i o u s l yof M i c h i g a n S t a t e U n i v e r s i t y ) have been working with a l i g n i nd e g r a d i n g W h i t e Rot F u n g u s for several years and have p u b l i s h e d
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numerous p a p e r s d o c u m e n t i n g the a b i l i t y o f t h i s f u n g u s t o de-grade many compounds which are o therwise r e s i s tant to b i o d e g r a -da t i on . The a b i l i t y of the W h i t e Rot F u n g u s to degrade PCBs inthe S h e r i d a n Pond S l u d g e was assessed in three compost reactorsin which s l u d g e was mixed w i th wood ch ip s at ratios of 1:4 and1:8 and seeded at two ratios with an active W h i t e Rot F u n g u ss tart-up culture. None of the three compost reactors showed anypromise of sus tainable ac t ivi ty and no sampl e s were taken foranalysi s a f t e r day 32 of the s tudy.
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S U M M A R Y
A variety of treatment technologies were evaluated in p a r a l l e lwi th the produc t ion of the Sher idan D i s p o s a l Service s s i teSource Control F e a s i b i l i t y s tudy. T h i s report summarizes thet e s t i n g of s t a b i l i z a t i o n and solvent extraction to d ev e l op site-s p e c i f i c data as a basis for assessing the f e a s i b i l i t y of thesetechnologies* S t a b i l i z a t i o n was found to be s u f f i c i e n t l y f e a s -ible to deve lop a basis of design for use in the Source ControlF e a s i b i l i t y S t u d y in de t ermining the cost of s t a b i l i z a t i o nalternatives .
S t a b i l i z a t i o n was tested by s t a b i l i z i n g a compos i t e representa-tive sample of pond sludge with s tabi l izat ion blends that var-ious ly included f ly ash, Port land cement, quick l ime , rice hullash, sodium carbonate, sodium s i l i cate and soil.
These admixes were evaluated based on their relative ab i l i ty tocontrol constituent l e a c h a b i l i t y and to meet an engineeringcriteria of 15 psi unconfined compressive strength. Admixe swithout soil were found to reduce the l e a c h a b i l i t y of v o l a t i l eorganics by h a l f , l^achabil i ty of s e m i v c j - a t i l a crgcnic s was notmeasured. Admixe s without: soil were found to shrink a f t e r mix-ture with the pond s l u d g e , and to produce f r e e water that mustthen bfc drained and trea t ed , but admixes with soil eliminatedshrinkage and the production of f r e e water. Admixe s with andwithout soil were able to meet engineering criteria forstrength. The s t a b i l i z a t i o n system used as a basis of d e s i g nwas a soil and fly ash admix blended in-situ with a backhoe anda p r o p r i e t a r y i n j e c t o r / b l e n d e r mounted on a backhoe.
S o l v e n t extract ion was considered for pretreatment for incinera-tion. The su i tab i l i ty of this combination of t e chnologie s isevaluated in this report.
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P H A S E 1 S T A B I L I Z A T I O N A N D S O L V E N T E X T R A C T I O NT R E A T A B I L I T Y T E S T I N G REPORTFOR
SOURCE CONTROL F E A S I B I L I T Y S T U D Y

1 - INTRODUCTION
Review of remedial action al t ernat ive s early in the F e a s i b i l i t ys tudy process indicated that certain treatment t e chnologie s he ldimportant promise for the remediation of this site. The e f f e c t -iveness of these t e chnologie s was expec ted to be site or wastes p e c i f i c , ne c e s s i ta t ing t e s t ing on ma t e r ia l s repre sentat ive ofthe site. For this reason, a representative composite sample ofpond s l u d g e was c o l l e c t e d for treatment t e s t ing. The ponds l u d g e was f u l l y characterized and bench t e s t s for b i o l o g i c a ltreatment, solvent extraction and s t a b i l i z a t i o n were conducted.Incineration was developed as a concept design based on charac-t e r i z a t i o n data. Bio l og i ca l treatment and incineration r e su l t sare discussed in separate documents and s t a b i l i z a t i o n and sol*vent extraction te s t ing are discussed herein.
S t a b i l i z a t i o n inc lude s a variety of p o z z o l a n i c and c ementat iousprocesses that have been developed to incorporate dissolvedcons t i tuent s in wastes and s l udge s as a part of a rigid matrix.Heavy me ta l s react to f o r m immobile c o l l o i d a l hydrox id e s andlarge organic molecules become e f f e c t i v e l y immobil ized.
S o l v e n t ex trac t ion is a broad terra used in i n d u s t r i a l s o l idwaste treatment to i d e n t i f y treatment t e chnologie s that use sol-vents to segregate s ludges into discrete o i l , water and s o l id sf r a c t i o n s for subsequent treatment or d i s p o s a l . The r e s u l t i n goil phase can be incinerated or p o s s i b l y recycled and burned asa f u e l , the re sul t ing water can be evaporated or treated anddi s charged, and the r e su l t ing s o l i d s can be l a n d f i l l e d .
N o t e that there are treatment t e c h n o l o g i e s that segregates l udge s into o i l , water and s o l i d s without solvent extractionsuch as chemical treatment f o l l o w e d by phy s i ca l s epara t i on in ac e n t r i f u g e .
The f o l l o w i n g sections describe solvent extraction t e c h n o l o g i e sin more d e t a i l , present t e s t ing m e t h o d o l o g i e s and r e su l t s , sum-marize laboratory and vendor data, and develop concept designsif the technologies prove tc b~ fea

O
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2.1 General
2 - S T A B I L I Z A T I O N T E S T I N G

For eaaa of re f erence , the tern "stabil ization** in this reportis used interchangeably with the terms " s o l i d i f i c a t i o n " and"f ixa t ion" . The s e terms are d e f i n e d in the EPA p u b l i c a t i o n ,"Guide to the Dispo sa l of C h e m i c a l l y s t ab i l i z ed and S o l i d i f i e dWaste" (Malone et al. 1900)* S t a b i l i z a t i o n and s o l i d i f i c a t i o nboth re f er to waste treatment processes that make the wasteeasier to h a n d l e , decrease the sur face area of the waste massacross which t r a n s f e r or loss of waste consti tuents can occur,and limit the s o l u b i l i t y of the waste constituents. The term" f i xa t i on" is also used in the waste treatment f i e l d to describea process that might also be described as s t a b i l i z a t i o n ors o l i d i f i c a t i o n .
Most s t a b i l i z a t i o n systems being marketed today are p r o p r i e t a r yprocesses involving the add i t i on of absorbents and s o l i d i f y i n gagents to a waste, and the processes are o f t e n changed to dealwith s p e c i f i c wastes. T h e E P A ' s "Handbook f o r S t a b i l i z a t i o n /S o l i d i f i c a t i o n of Ha«s&£-<icu& wastes" (Army Engineer vra^rv.ysExperiment s tat ion, Vicksburg, 1986) l i s t s and exp la in s inconsiderable detail the f o l l o w i n g systems that are p o t e n t i a l l yu s e f u l in remedial action:

a. L i m e - f l y ash pozzo lan processesb. P o z z o l a n - P o r t l a n d cement systemsc. T h e r m o p l a s t i c microencapsu la t i ond. Macroencapsulation
L i m e / f l y ash p o z z o l a n i c processes use a f i n e l y d i v i d e d , non-c r y s t a l l i n e s i l i ca in fly ash and the calcium in lime to producelow-strength cementation. The waste containment is produced bye n t r a p p i n g the waste in the p o z z o l a n concrete matrix (microen-c a p s u l a t i o n } .
Pozzolan-Portland systems use Portland cement and fly ash orother p o z z o l a n material s to produce a stronger type of waste/concrete composite. The waste containment is produced bymicroencapsul&tion in the concrete matrix. soluble s i l i ca t e smay be added to accelerate hardening and metal containment.
T h e r m o p l a s t i c microencapsulation involves b l ending f i n e parti-culate waste with melted asphalt or other matrix. Liquid andv o l a t i l e phases associated with the wastes are driven of f , andthe wastes are i so lated in a mass of coo led, hardened a s p h a l t .The material can be buried with or without a container.

2-1
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Macroencapsulation systems contain a waste by i s o la t ing largemasses of waste using some type of j a c k e t i n g mater ia l . The mostc a r e f u l l y researched systems use a drum or a p o l y e t h y l e n e ja cke tf u s e d over a m o n o l i t h i c b l o ck of s o l i d i f i e d wastes.
The processes tested for remediation u t i l i z e l i m e - f l y ash pozzo-lan processes a n d / o r p o z z o l a n - P o r t l a n d cement systems. Thermo-p l a s t i c microencapmilation was not evaluated because solventcons t i tuent s in the waste are not l i k e l y to be c o m p a t i b l e wi ththe a s p h a l t i c e n c a p s u l a t i o n matrix. H a c r o e n c a p s u l a t i o n was notevaluated because it is labor-intensive and would be prohibi-t i v e l y expensive cons ider ing the large volume of the pondsludge.
2.2 Qbj e c t iv e_s
The o b j e c t i v e s of s o l i d i f i c a t i o n are to: 1) reduce the m o b i l i t yand tox i c i ty of the waste and 2) increase the strength of thewaste f o r h a n d l i n g , t r a f f i c a b i l i t y a n d structural s u p p o r t . T h es trength of the s tab i l i z ed waste is measured against engineeringcriteria e s tab l i sh ed for the site.
2.3 Engineering criL.ei.ia ior S t r e n g t h
The "Handbook f o r S t a b i l i z a t i o n / S o l i d i f i c a t i o n o f Hazardou sWaste s " (USEPA 1986. P B 8 7 - 1 1 6 7 4 5 ) shows two methods of determin-ing the a b i l i t y of a waste to s u p p o r t a l oad. The cone index orC a l i f o r n i a bearing ratio (U.S. Army 1 9 7 2 ) involves f o r c i n g as tandard cone into a s a m p l e of so i l . it is t y p i c a l l y used toexamine the t r a f f i c a b i l i t y of a subgrade soil. The unconfinedcompressive ( U C ) s trength ( U . S . Army 1972. A S T M D 2 1 6 6 - 6 6 )measures the bearing c a p a c i t y and shear s trength of cohesive orcemented mat er ia l s .
The initial (as m i x e d ) s trength of the s tab i l i z ed material isalso a prac t i ca l ind i ca t or and the UC s trength of the materialshould be at least 5 psi for ease of handl ing . S t r e n g t h , andt h e r e f o r e h a n d l e a b i l i t y (and t r a f f i c a b i l i t y ) , increase witht ime , however. Some mix d e s i g n s have no in i t ia l s t r ength andalmost f l o w like a cement grout, yet harden into a concrete-likem o n o l i t h i c mass.
The 24-hour s trength of the s t a b i l i z e d material should be s u f f i -cient to suppor t and be hand l ed and compacted by conventionalearthworking ^quioment. Conventional track-type loaders exertground pres sures of 8.9 to 11.9 psi (65 to i lO HP). Equivelantlow ground pressure track-type loaders exert ground pressures or4.7 to 9.1 psi ( C a t e r p i l l a r Per formance Handbook 1 9 8 6 ) . The 24-hour UC s trength for t r a f f i c a b i l i t y should thus be at least ten

2-2
D-6 D381



IIIIIIIIIIIIIIIIIII

p s i , and one contractor uses 14-15 psi as a rule of thumb. Theimportant strength of the s tab i l i z ed material is not necessarilyrelated to long-term structural soundness, however. The mater-i a l ' s a b i l i t y t o support t h e entire load o f t h e l a n d f i l l e d wasteand l a n d f i l l cap is r e l a t i v e l y unlimited as long as it isadequately conf ined.
2.4 Previous T e s t i n g
In 1985, the S h e r i d a n S t e e r i n g Committee evaluated s ludge stabi-l i z a t i o n to d eve l op a conceptual de s ign for closure based onengineering criteria for strength. T h i s evaluation f o cu s ed onthe s t a b i l i z a t i o n of pond s ludge to a l l o w earthmoving equipmentto operate over the s t a b i l i z e d mass and to attain s u f f i c i e n tload bearing capac i ty to support a cap.
A laboratory t e s t ing procedure was e s tabli shed based upon theuse of the shear s trength of s t a b i l i z e d s ludge sample s as anindication of the cohesiveness of the materials. it is knownthat for s ha l l ow f o o t i n g s a r e l a t i o n s h i p exis t s between measuredshear strength and ult imate load bearing capaci ty, where bearingcapac i ty was about f i v e time- ch*ar strength. since h y J r a t i o r iof the admix materials over time would have an impact upon co-hesiveness, sampl e s were premixed and sealed in p l a s t i c bags forvarying periods of time prior to testing. It was determined byshear s trength t e s t ing of control s a m p l e s that a 72-hour "curetime" would provide reproducible results.
Both quick lime and power plant fly ash were evaluated at thattime as s t a b i l i z a t i o n agents, in view of their hydration pro-pert ie s . On-site so i l s were used as a bulking agent in combi-nation with these s t a b i l i z a t i o n mater ia l s . The re sul t s o f theseevaluat ions are given in T a b l e 2-1.
A "worst case" leachate was then prepared by crushing s t a b i l i z e dwastes and s u b j e c t i n g them to the TDWR leachate de t erminat ion,with the result s (mixture ratios were not i d e n t i f i e d in ther e p o r t ) shown in T a b l e 2-2.
Laboratory tes t s were conducted to evaluate the proper t i e s ofthe wastes s o l i d i f i e d with the most e f f i c i e n t admix agents. Thef o l l o w i n g result s were obtained:

1965 Geotechnical T e s t i n g Data
________ __ A d d i t i v e *

Permeabil i ty ( c m / s e c )
Density ( l b / f t s )

S o i l aiid F l v A d h
4 . 8 X I D ' 8

109

2-3
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5 . 7 x 1 0 ' T
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D 4 1 S
T a b l e 2 - 1

1 9 8 5 S i a b i I i z e a w a s t e s t r e n g t h D a t a
S t a b i I i z a t i o n T e s t i n g

S a m e I e

B ! e n d ( v o l u m e u n i t sS l u d g esot IF l y A s h
Qu i ck. L i me

S h e a r S t r e n g t h ( p s ;
3 - D a y

C o m p r e s s i v e S t r e n g t h ! 1 ] [ p s i )
3-Dav21 -Day

10
85

N O T E :[ 1 J F i v e t i m e s s r e a r s t r e n g t h .

0.7
7

3 . 5
3.5

1 1
1 1
0 67 0.5

0 .5
10

2 . 5
50

0.2

10
28

50
140

1
1
0. 15

4
17

20
85

1
1

0 1

1 .4
1?

7
60

in

o

2-4
D-8



IIIIIIIIIIIIIIIIIII

TABLE 2-2
1985 C H E M I C A L A N A L Y S I S D A T A-*: - i z a t i o n T e s t i n gUsir .- , . R L e a c h a t e T e s t M

Parameter
pH
S p e c i f i c Conduc tance ( u m h o s / c m )
C h l o r i d e ( r a g / 1 )
S u l f a t e ( m g / 1 )
Chromium ( r a g / 1 )
Lead ( m g / 1 )
Z i n c ( m g / 1 )
T o t a l organic Carbon ( ^ a / : }
Oil and Grease ( m g / 1 )
Pheno l i c s ( m g / 1 )
T o t a l Organic C h l o r i d e s ( m g / 1 )
p o l y c h l o r i n a t e d B i p h e n y l s ( m g / 1 )

F l y A s hA d m i x
7.8

1220
525

27
0,03

<0.01
0.01

498
162

28.6
0.93

<.050

Quick LimeA d m i x
11.1
4140

255
127

<0.01
<0.01

0.02
932
246

37.5
1.16

<.050

T e x a s D e p a r t m e n tr.t: T e c h n i i:..ter Resource I n d u s t r i a l S o l i d W a s t eg u i d e l i n e N o . l , Revised 5-11-82( S u b s e q u e n t l y the . ,:-:^s w* er Commis s ion I n d u s t r i a l S o l i dWaste Management ' J X - . u u c a l G u i d e l i n e N o . l , Revised 12-6-8 5 ) . 250 grams of : ,u t er ia l is leached in 1 l i t e r ofde i on iz ed or d i s t i l l u d water f or seven days.
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These tests also showed that the s tab i l i z ed pond s ludge wil lshrink in volume and produce an equal volume of f r e e l i q u i d . Asubsequent round of t e s t s showed that admixe s with soil e l imi-nate shrinkage and f r e e water p r o d u c t i o n .
2.5 T e s t Methods
The more recent t e s t i n g f o c u s e d on the e f f e c t i v e reduction ofmobi l i ty and tox i c i ty of the pond s ludge const i tuents . Anini t ial series of t e s t s of admixes without soil showed e f f e c t i v ereduction of m o b i l i t y and t o x i c i t y .
S t a b i l i z a t i o n was a t t e m p t e d using f ly ash and p r o p r i e t a r y sta-b i l i z a t i o n methods. ERM-Southwest tested s imple f ly ash mixing( u s i n g f l y a s h f r o m t h e H L & P Pari sh p l a n t i n H o u s t o n , T e x a s ) a n dthe f o l l o w i n g three vendors were asked to test their own p r o p r i -etary t e chno logy:

1. ENRECO, Inc. in A m a r i l l o , T e x a s2 . S O L I D I T E C H , I n c . i n H o u s t o n , T e x a s3. C h e m f i x T e c h n o l o g i e s , I n c . in M e t a i r i e , Loui s iana
The vendors were asked to o t d o i i i a e s a m p l e s at j .u-roiu, ^00-f o l d and 1 0 0 0 - f o l d reduction in leachate concentration of l e a d ,where the choice of lead as a targe t metal was arbitrary. Con-trol s a m p l e s were not produced to evaluate v o l a t i l i z a t i o n oforganics during mixing and curing.
The chemical laboratory used was ENSECO Rocky Mounta in A n a l y -t ical Laboratory i n A r v a d a , C o l o r a d o . T h e y t e s t ed f o r H S L( h a z a r d o u s substance l i s t ) m e t a l s in a TCLP ( t o x i c i t y character-istic leaching procedure) leachate. Methods for metal s andorganic compounds are p r i m a r i l y derived f r o m three sources ofEPA methods: 1) the methods p r o m u l g a t e d in 40 CFR 136 for pri-ority p o l l u t a n t s ; 2) the methods publ i shed in S W - 8 4 6 ; and 3)methods d e v e l o p e d b y t h e E P A - E M S L / L V f o r S u p e r f u n d inves t iga-t ions , as well as several documents publ i shed by the EPA andE N E S C O - R o c k y Mountain A n a l y t i c a l Laboratory in 1984 and 1985.
The geotechnical laboratory used was M c C l e l l a n d Engineers inH o u s t o n , T e x a s . S a m p l e m o l d s were p r e p a r e d by the vendors perA S T M 1632-79. P e r m e a b i l i t y w a s t e s t ed p e r EM-1110-2-1906 A p p e n -d i x VIII. As in previous t e s t i n g , shear strength was measuredas compressive s t r ength . S h e a r s t r eng th was measured ro ta t ing avane/ spr ing t e s t ing tool at 6 to 12 degrees per minute.
2 - 6 S t a b i l i z a t i o n S y s t e m
ERM-Southwe s t prepared f l y a s h s t a b i l i z e d s a m p l e s f o r t e s t i n gusing f l y a s h f rom H L & P ' s Parish Plant i n H o u s t o n , Texa s . A s h
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was added to a s ludge sampl e until it was estimated that themixture became s t i f f enough to be ea s i ly handled by earthmovingequipment* T h i s proved to be a mixture of 3 : 2 . 5 ( a s h : s l u d g e byw e i g h t ) . W h i l e i t i s not b e l i eved that the use of fly ash aloneto s t a b i l i z e wastes is p r o p r i e t a r y / the most c o s t - e f f e c t i v emethods for obtaining a un i f orm mixture in the f i e l d may beproprietary*
S O L I D I T E C H ' s p r o p r i e t a r y U r r i t e c h s o l i d i f i c a t i o n process usesthe combination of a p r o p r i e t a r y chemical ca talys t and a pozzo-lanic material such as fly ash or kiln dust. The process worksby cross-linking organic and inorganic par t i c l e s in the mixturethrough a f i v e - p h a s e c ementat ion process. Compres s ive s t r ength sin excess of 4000 psi (concrete t y p i c a l l y ranges f r o m 2000 to6000 p s i ) have been achieved in organic s ludges. T h i s processhas, the vendor says, s u c c e s s f u l l y been used to s o l i d i f y (thev e n d o r ' s meaning of that term is u n c l e a r ) API s eparator o i l s andP C B s , as well as other organic wastes. The vendor determinedthat thi s proce s s would cost between $60 and $150 per yd s forin-situ treatment, d e p e n d i n g on f u r t h e r te s t ing. In later dis-cussions, the vendor said that the volume of the treated wasteincraa^ed 1054 ever the untreated waste.
ENRECO is a s t a b i l i z a t i o n contractor who u t i l i z e s a variety ofs t a b i l i z a t i o n agents and mix ing means, but who markets a pro-prietary i n j e c t o r / m i x e r system for in-situ waste s tab i l i za t i on.By th i s system, ENRECO treat s a waste impoundment perimeterusing the i n j e c t o r / m i x e r sys tem i n s t a l l e d on a large backhoe,then works f r o m the s t a b i l i z e d material to treat a new, s m a l l e rperimeter. Each perimeter is used as a p l a t f o r m to treat thenext until the entire impoundment is treated. The vendor esti-mated that the cost of s t a b i l i z a t i o n would be between $45 and$65 per yd3 — a r e l a t i v e l y h igh cost because they found thatthe pond s ludge was " d i f f i c u l t to set", i.e. commons t a b i l i z a t i o n mixes were not s u f f i c i e n t l y s table. T h i s cost isindependent of the d i f f e r e n t s t a b i l i z i n g agents used to producet h e s a m p l e s f o r thi s s t udy .
A f t e r 15 t r ia l s , ENRECO submitted the f o l l o w i n g samples:

ENRECO S a m p l e N o .
ERM-Southwest S a m p l e N o .
S l u d g e ( g )Rice H u l l A s a £ g )Portland Cement ( g )Sodium Carbonate ( g )

1/10
T R E A T - 2 1

1095

1/100
T R E A T - 2 2

1095
550

1/1000
T R E A T - 2 3

1095
550
342
100
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The s a m p l e numbers r e f l e c t the direction to the vendors toreduce l eachat e lead concentra t ions by a f a c t o r of 10, 100 and1,000. T h a t proved to be an i n e f f e c t i v e direction because thel e a c h a b l e lead concentrations were i n s i g n i f i c a n t .
Later, the vendor submitted data for 13 addit ional t r ia l s uti-l i z i n g soil with Por t land cement or fly ash as admix*
C h e m f i x Techno l og i e s , I n c . could not submit f i x e d samples to thechemical laboratory in time for scheduled testing.
2.7 Laboratory T e s t i n g Resu l t s
Chemical laboratory r e s u l t s are summarized in T a b l e s 2-3 and2-4. Geotechnical laboratory re su l t s (Attachment 1) ared u p l i c a t e d in T a b l e 2-5. N o t e that SOLIDITECH, Inc . did nothave s u f f i c i e n t waste s a m p l e volume to generate geotechnicalt e s t ing s a m p l e s . ENRECO's second set of 13 test runs is sum-marized in T a b l e 2-6.
V o l a t i l e organics data summarized in T a b l e 2-3 inc lude: 1)i i i f t i y s i s of the untreated siu.igs as a direct analysis and a-j ?TCLt* l eacnate and 2) a n a l y s i s of iae treated s l u d g e as a TCLt-leachate. Chemical analys i s of organic const i tuents was l imi t edto v o l a t i l e organics because it is wide ly known that nonvolat i l eorganics can be e f f e c t i v e l y i m m o b i l i z e d by s t a b i l i z a t i o n . Minev o l a t i l e organic c on s t i t u en t s were d e t e c t e d in the TCLP leachateof the untreated waste. G e n e r a l l y , s t a b i l i z a t i o n reduced theTCLP leachat e c oncentra t i ons by 50%. N o t e , however, that theS O L I D I T E C H s t a b i l i z e d was te i s N D (not d e t e c t e d ) f o r benzene.
M e t a l s data summarized in T a b l e 2-4 in c lude: 1) a n a l y s i s o f theuntreated s l u d g e as a d i r e c t a n a l y s i s and as a TCLP leachate and2) analys i s of the treated s l u d g e as a TCLP leachate. The datashow that s t a b i l i z a t i o n g e n e r a l l y had l i t t l e e f f e c t on thel e a c h a b i l i t y of m e t a l s as measured by the TCLP. Lead was unde-t e c tab le in both treated and untreated leachates. Arsenic , onthe other hand, a c t u a l l y increased in concentration when thewaste was s t a b i l i z e d .
G«otechnica l t e s t i n g d a t a d u p l i c a t e d in T a b l e 2 -5 shows that f lyash s t a b i l i z a t i o n y i e l d s a very low p e r m e a b i l i t y , but has poorstructural s trength r e la t iv e to s t a b i l i z a t i o n by vendors. Alls t a b i l i z a t i o n treatment w i thou t soil a p p e a r s to have f r e e d liq-v H < ? s f r o m t h e waste , c r e a t - i n g t h e n e f i f o r dra inage , c o l l e c t i o n ,t ranspor t- wastewater treatment discharge. Compriseive strength(based on shear s t r eng th t e s t s ) does not meet the engineering
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11 23
1140 1140 1140 1140
171 i 1710 1710 1710

1140 1140
910 910

23 46
1140

910
4t>

1140
910

1 140
3760

39
53
51
13
93
no

63-._
---

18

95
no

47
59
63

6
106

no

63
>63

63
30
98
no

i;
2 i
2 .

*»
9 ' J

rr>

21
31
33
15

103
no

15
28
39
12

105
no

40
>63
>63

36
10B
no

I 4
1 8
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yes yes yes yes

N O T E S .[ 1 1 D a t a s u b m i t t e d b y E N R E C O . S a m p l e s were p r e p a r e d o n December 1 7 , 1987 u s i n g a d m i x d e s i g n s o f t h e i r s e l e c t i o n s
( 2 1 S o i l s u p p l i e d f r o m S D S s i t e n ear M W - 4 0 ( s o u t h o f C l a r k L a k e near r o a d ) .( 3 1 U n c o n f i r . ^ d c o m p r e s s i v e s t r e n g t h m e a s u r e d w i t h a p o c k e t p e n e t r e m o t e r .
( 4 1 C h a n g e s i n v o l u m e m e a s u r e d a f t e r m i x i n g s o i l w i t h s l u d g e( 5 ) T i m e a f t e r m i x i n g w a s n o t i d e n t i f i e d b y v e n d o r .[ 6 J V e r b a l communi c a t i o n w i t h v e n d o r , s a m p l e 1 3 n o t d i s c u s s e d
G e n e r a l - M o a n i n g o f n o t i d e n t i f i e d b y v e n d o r
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c r i t e r i a of 15 psi un t i l P o r t l a n d cement is added ( T a b l e 2 - 5 } crunti l soil p l u s f ly ash or Por t land cement i s added ( T a b l e 2 - 6 ) .
2 . 8 P r e l i m i n a r y S t a b i l i z a t i o n Concept_.Design
F o r p u r p o s e s o f d e v e l o p i n g costs f o r s t a b i l i z a t i o n a l t e r n a t i v e s ,a s t a b i l i z a t i o n concept is p r o p o s e d , based on the p r e c e d i n gdata . N o t e that th i s concept is very p r e l i m i n a r y and may bef u r t h e r deve loped to produce a more c o s t - e f f e c t i v e remediation.
S t a b i l i z a t i o n , a s p r o p o s e d , w i l l f e a t u r e in-situ mix ing wi th arice h u l l ash and Por t land cement admix b l e n d e d with ani n j e c t o r / m i x e r . The s t a b i l i z e d s l u d g e w i l l be a 1:0.5:0.3mixture ( s l u d g e we igh t:r i c e hu l l a s h : P o r t l a n d cement w e i g h t ) ,and w i l l result in a volume increase of 20%. T h i s b lend isbased on s a m p l e number 1/100 in Sec t i on 2.6 and volume increaseis based on s a m p l e numbers 1 through 8 on T a b l e 2-6.
2 . 9 F u t u r e S t a b i l i z a t i o n T e s t i n g
The Phase l bench scale s tudy was p r e l i m i n a r y in nature, in thatIt f c c u s c i on c o n f i r m i n g the v i a b i l i t y o f s t a b i l i z a t i o n c i th«pond s l u d g e , and on de t e rmin ing the cost or s t a b i l i z a t i o n forcomparison with other t e chno l og i e s . A d d i t i o n a l t e s t i n g i srecommended, as s t a b i l i z a t i o n has proven to be c o s t - e f f e c t i v eboth as a s eparate a l t ernat ive and as s u p p l e m e n t a l treatment toother al ternatives . A Phase 2 bench scale study is needed tomore accurat e ly d e f i n e d e s i g n parame t e r s , to e s t a b l i s h al ea cha t e p e r f o r m a n c e cr i t er ion, and to i d e n t i f y c a n d i d a t es t a b i l i z a t i o n b l e n d s . A Phase 3 f i e l d scale s tudy may then beneeded to c o n f i r m the Phase 2 r e s u l t s , because bench scalet e s t i n g o f s t a b i l i z a t i o n does no t a d e q u a t e l y q u a n t i f y thep r o b l e m s o f f u l l s ca l e b l e n d i n g a n d mix ing.

in
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3 - S O L V E N T E X T R A C T I O N T E S T I N G
3.1 Genera l
A proce s s for the s e p a r a t i o n o f the c omponen t s o f a s o l u t i o nus ing the unequal d i s t r i b u t i o n of the components between immi-s c i b l e l i q u i d s is c a l l e d solvent e x t r a c t i o n , or more accurate lyl i q u i d - l i q u i d ex trac t ion. The s o l u t i on is mixed with a s u i t ab l ei n c o m p l e t e l y m i s c i b l e l iquid which p r e f e r e n t i a l l y a t trac t s oneof the components . In the two systems e v a l u a t e d , the B . E . S . T .proces s uses an a l i p h a t i c amine to attract water, and the CFS y s t e m s proces s uses p r o p a n e to a t trac t organics. The remainderof the sys tems are f o c u s e d on s e p a r a t i n g the m i s c i b l e 1iquidf r o m the a t t rac t ed water or organics and on washing theremaining s o l i d s .
F i g u r e 3 - 1 s c h e m a t i c a l l y i l l u s t r a t e s t h e B . E . S . T . proces s . I nthe co ld s t a g e , s l u d g e s or s o i l s are mixed with amine at lowt empera tur e . The mix ture ratio i s a f u n c t i o n o f f e e d compos i-t i o n , but is o f t e n on the order of two p a r t s amine for each parto f s l u d g e . At th i s t e m p e r a t u r e , l iqu id f r a c t i o n s are s o l u b l eand s u sp en s i on s and c r u l s i o n s are v i r t u a l l y e l imiru%t*<4 . Tr.c.s o l i t i s f r a c t i o n becomes r e a d i l y s eparab l e and can be rws^vcci byf i l t e r or c e n t r i f u g e and dr i ed . S i n c e the amine is a l k a l i n e ,heavy m e t a l s in the s l u d g e are converted to hydrated ox ide swhich p r e c i p i t a t e and exit the process with the s o l i d s f r a c t i o n .In the hot s t a g e , the s i n g l e phas e a m i n e / w a t e r / o i l f r a c t i o n i sheated to f o r m an a m i n e / o i l phase and water p h a s e , which arethen s e p a r a t e d by d e c a n t i n g . The f i n a l s t e p s in th i s proc e s sinvolve solvent recovery, g e n e r a l l y by thermal means.
F i g u r e 3-2 s c h e m a t i c a l l y i l l u s t r a t e s the CF S y s t e m s pro c e s s , andis s e l f - e x p l a n a t o r y . N o t e that s o l i d s washing is not shown.
S o l v e n t e x t ra c t i on is promoted by its vendors as pre tr ea tmentlor inc inerat ion or chemical d e c h l o r i n a t i o n . As pre tr ea tmentfor inc inerat ion it a l l o w s a very homogeneous f e e d to a l i q u i d sincinerator instead of a large rotary kiln. As pretreatment forchemical d e c h l o r i n a t i o n it would remove the s o l i d matrix thati n t e r f e r e s with the e f f e c t i v e n e s s o f that proc e s s , and r e su l t sin a f u e l that could p o t e n t i a _ l y be reused.
3.2 O b j e c t i v e
The o b j e c t i v e o f solvent ex trac t ion t e s t i n g i s to de termine i ftreatment of the pond s l u d g e with thi s proces s is tee-sibie lotthe SDS site and i f so to d e v e l o p a conceptual u f e & i y n forp u r p o s e s of d e t e rmin ing the cost of solvent ex trac t iona l t e r n a t i v e s .
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S i m p l i f i e d F l o w Chart
Here is the CF S y s t e m s unit o p e r a t i n g cycle, for extracting and s epara t ing organic sf r o m l i q u i d or s o l i d waste:

1. S o l i d or noun* waste ten intotoo o* extractor.

4. Mixture of solvent gaa andorgantea leaves extractor,puce* to separator throughv«ive wn**a pretaur* i*p a r t u l l y reduced.

4.
Extractor

S o l i d or Liquid
Wast e

g j t f v O w *
uowttro* through extractor,mail ing nonreacttve contactwith wane. Solvent t y p i c a l l yoisaoives out up to 99 * •» oforganics.
3. Clean water or water.soiidsmixture (hen removed tram
extractor. W a t e r3 . ' a n d / o r S o l i d s O r g a n J C S

Compre s s o r in

o

5. > separator, extraction gasjnzed ano recyc:ea as f r e s h
solvent
6. Organics drawn oft f r o mseoarator. recovered) (ordi sposal or recycling as
f e e d s t o c x s or fueL

inc.
H O U S T O N . T E X A S

2^- V t O . N O . 9 1 0 1 B 0 2 4

F I G U R E 3 - 2
C F S Y S T E M P R O C E S S

S H E R I D A N D I S P O S A L S E R V I C E S
H E M P S T E A J . T E X A S
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3 - 3 T e s t Method s
The f o l l o w i n g two vendors were asked to test the ir p r o p r i e t a r ytechnology:

1. Resources Cons erva t i on C o . , in B e l l e v u e , W a s h i n g t o n , whichmarkets t h e p r e v i o u s l y mentioned B . E . S . T . process .
2. CF S y s t e m s C o r p o r a t i o n in C a m b r i d g e , M a s s a c h u s e t t s , whichmarkets the other p r e v i o u s l y mentioned proces s under the irown name.

The vendors were asked to s egr ega t e the pond s l u d g e into threere s idual f r a c t i o n s a s f o l l o w s :
Residual Oil - to undergo f u r t h e r treatment.
Res idua l W a t e r - c lean enough for b i o l o g i c a l t r ea tment andd i s charge .
Res idua l S o l i d s - dry, f r e e o f organic s , a c c e p t a b l e f o rdirec t l a n d f i l l i n g without f u r t h e rtreatment.

Because of labora tory cons tra int s on h a n d l i n g P C B s , CF S y s t e m swas unable to treat the wastes in a t i m e l y manner. The B . E . S . T .report is A t t a c h m e n t 2 of th i s r epor t .
The chemical labora tory used to test the B . E . S . T . r e s i d u a l s wasENSECO Rocky M o u n t a i n A n a l y t i c a l Laboratory in Arvada, C o l o r a d o .To de t ermine if the f r a c t i o n s met the above cr i t er ia, they weret e s t ed a s f o l l o w s :

R e s i d u a l Oil - t e s t ed for PCBs to enable a m a t e r i a l sbalance f o r those compounds .
Residual W a t e r - t e s t ed for PCBs and oil and grease toenab l e a m a t e r i a l s balance and determineif other organics were pre sent .
Residual S o l i d s - t e s t ed for P C B s and oil and grease toenab l e a m a t e r i a l s balance and de t erminei f other organic s were present. A l s ot e s t ed f or HSL organics and me ta l s in aT C L P l e a c h a t e t o c o n f i r m that f u r t h e rtreatment is not needed.

3 • 4 Labora t ory T e s t i n g R e s u l t s
Chemical laboratory r e su l t s are summarized in T a b l e s 3-1, 3-2and 3-3 (Attachment 3).
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D423
T a b l e 3 - 1

C h e m i c a l A n a l y s i s D a t a S u m m a r y
P C 8 s - S o l v e n t E x t r a c t i o n T e s t i n g

P C B S
E R M - S o u t n w e s t f i e l d N O
R M A L L a b N O
A r o c l o r 1016A r o c l o r 1 2 2 1
A r o c l o r 1 2 3 2
A r o c i o .
A r o c l o r 1 2 5 4
A r o c l o r 1260
Oi I & C r e a s e

Pond
S l u d g em g / k g

I N C I N - O
6 3 9 4 2 - 2

55
<6.4
<6.4
-•6 4
--G. 4

<13
13

N T

T r e a t e d Pond S l u d g e
R e s i d u a lOi I

m g / k g
T R E A T - 4 1
64456-3

<3 2
< 3 . 2
<3.2

190
- v 2
<6.4

N T

R e s i d u a lW a t e r
m g / l

T R E A T - 4 2
6 4 4 5 8 - 2

< 0044
<.0044
< ,0044
< .0044
<.0044

< _ 0 3 4
<-034

680

R e s i d u a l
S O l i d
m g / k g

T R E A T - 4 3
6 4 4 5 8 - 1

<.08
<.08
0.26

08
08
16
16

1500

in

o
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C h e m i c a l
H S L O r g a n i c s

D e t e c t e d H S L V o l a t i l e s
and S e m i vol at i 1 es
E R M - S o u t h w e s t F i e l d N O .
R M A L L a b N O .
A c e t o n eBenzene2 - B u t a n o n e
C h l o r o b e n z e n e1 . i - D i c h l o r o e t h a n e
1 . 2 - D i c h l o r o p r o p a n e
E t h y l b e n z e n e2 - H e x a n o n e4 - M e i h y ! - 2 - p e n t a n o n e
S t v r e n e
T e t r a c h l o r o e t h e n e
T o l u e n e
t r a n s - 1 . 2 - D i c h l o r o e t h e n eT r i c h l o r o e t h e n e
T o t a l X y l e n e s
4 - M e i h y ( p h e n o l

N O T E S :[ a ] T h e u s e o f t h e T C L P doe s
[ b ] N D = N o t D e t e c t e d
[ c ] N T = N o t T e s t e d

T a b l e 3 - 2
A n a l y s i s D a t a S u m m a r y

- s o l v e n t E x t r a c t i o n T e s t i n g

m o / k g
Pond

Raw
I N C l N - 0

63<»42-2
N D [ b ]

" I 7 0
*JP
N D
N D
N D

580
N D
N D

340
51

700
N D
N D

1600
850

no t c o n s t i t u t e

3-6

T C L PL e a c h a t e ,m o / 1 [ a ]
S l u d g e

Raw
L e a c h a t e
T R E A T - 0
6 4 2 9 8 - 1

1 - 2
T n

t
0 . 3 1

0.028
0.049

1 .4
0 45

2 . 5
1 .2

0. 11
5

0 045
0. 12

4 .3
N T [ c ]

a c c e p t a n c e o f

T r e a t m e n t
R e s i d u a l

S o l i d
T R E A T - 4 3
64458-1

0.2
NO

D̂
N D
N D
N D
N D
N D
N D
N D
N P
N D
N D
NO
N D

1 . 3

t h i s t e s t m e t h o d

C\o
T-
T-o
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T a b l e 3 - 3
C h e m i c a l A n a l y s i s D a t a S u m m a r y

M e t a l s - S o l v e n t E x t r a c t i o n T e s t i n g

H S L M e t a l s
E R M - S o u t h w e s t F i e l d N c .
R M A L L a b N O .
A l u m i n u m
A f U i ' T - ' . n y
A I s f c . l i < -B a r t u r nB e r y I I i um
C a d m i umC a l c i u m
C h r o m ! umc oba l tC o p p e r

1 ron
L e a d
M a q n e s i u mM a n g a n e s e
M e r c u r yN i c k e lP o t a s s i u mS e l e n i u mS i 1 v e rS o d i u m
T h a i 1 i u r
T i nV a n a d i u mZ i n c

m g / k a
P o n d

Raw
I N C I N - 0

6 3 9 4 2 - 2
2300

12
820

N O
2.7

5200
160

3
130

4300
310
920

71
69
N D
N D

2200
N D
25

970

T C L PL e a c h a t em g / l [ a ]
S l u d g e

Raw
L e a c h a t e
T R E A T - 0
6 4 2 9 8 - 1

0.7
N D r ! r !

0 .064
0.9

N D
N D
92

0.03
0.05

N D
18

N D
19

0.88
N D

0 . 3 3
N D

0.004
N D
N D
N D
N D

0.07
0.7

T r e a t m e n tR e s i d u a lS o l i d
T R E A T - 4 3
6 4 4 5 3 - 1

4.6
fi 0

Mr*
2

N D
0.03

230
2.6

0.37
1 . 9

17
0.6

90
2. 1

0.017
3. 1

40
N D
N D

3590
N D
N D

0.66
19

N O T E S :[ a ] T h e u s e o f t h e T C L P doe s n o t c o n s t i t u t e a c c e p t a n c e o f t h i s t e s t m e t h o d
[ b ] N D = N o t D e t e c t e d
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The PCBs concentrated in the re s idual oil except that 0.26» g / ) c g , a n e g l i g i b l e amount, remained with the s o l i d s . T a b l e 3-1shows that the PCS concentration increased over t h r e e - f o l d on adry weight basis when water and s o l i d s were removed. The samet a b l e shows 680 mg/1 oil and grease remaining in the residualwater, Leachate t e s t ing shows that s o l i d s may present a prob-lem. T a b l e 3-2 shows that some solvents can be leached f r o m theresidual s o l id s . T a b l e 3-3 however, shows that meta l s in theresidual s o l i d s are r e l a t i v e l y mobile. TCLP chromium, lead andmercury are one-half to one-tenth l eve l s regulated as 40 CFR 261Subpart c Characteristic Hazardous Waste s . Contrary to thec laims of the vendor, concentrations of those cons t i tuent s ares u f f i c i e n t l y high t o pr e c lude l a n d f i l l i n g without control s .
3.5 Design I m p l i c a t i o n s
I n c i n e r a t i o n gains important b e n e f i t s f r o m solvent ex trac t ion asf e ed preparat ion. The oil residuals are homogeneous and presum-ab ly could be f l u i d i z e d with heat and be atomized for incinera-tion. A l t e r n a t e l y , the oil r e s idua l s can be hauled to a chemi-cal d e c h l o r i n a t i o n f a c i l i t y for treatment and reuse. Residualtvis r.o be pretrea*£d b<*fcr« being treated with other ?!<:•:to lower the ph and xcmove high l eve l s of oil d.;J.grease. Residual s o l i d s must be monitored and p e r h a p s t r ea t ed .F i n a l l y , the v e n d o r ' s report mentions an unsolved problem withan emuls ion b u i l d u p in the decantat ion s tep.

00
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4 - C O N C L U S I O N S A N D R E C O M M E N D A T I O N
4.1 Conc lu s i on s

1. S t a b i l i z a t i o n appear s to be a f e a s i b l e t e c h n o l o g y forthe i m m o b i l i z a t i o n of organic and inorganic wasteconsti tuents.
2. S t a b i l i z a t i o n is known to e f f e c t i v e l y m o b i l i z e heavyorganics , and f u r t h e r t e s t ing is underway to c o n f i r mthat l ight organics are e f f e c t i v e l y immobi l i z ed aswe l l .
3. S t a b i l i z e d material should achieve an u n c o n f i n e dcompressive s trength of at least 15 psi in 24 hours.
4. S t a b i l i z a t i o n admixes without soil cause shrinkage andthe release of f r e e water.
5. S t a b i l i z a t i o n increases the volume of the waste beingtreated by 15 to 100%, d e p e n d i n g on whether soil isadded.
6. S o l v e n t ex tract ion appear s to be a f e a s i b l e t e chno l ogybeing deve loped to segregate waste into o i l , water ands o l i d s f r a c t i o n s f o r f u r t h e r treatment.
7. Solv en t extraction water re s idual s require treatment ,and s o l i d s r e s i d u a l s require moni tor ing and p e r h a p streatment.

4.2 Recommendation
1. U t i l i z e the pre l iminary basis of d e s ign d e v e l o p e d inS e c t i o n 2 and the vendor unit costs for e s t i m a t i n g thecost of s t a b i l i z a t i o n a l t ernat ive s .
2. P e r f o r m Phase 2 bench scale s t a b i l i z a t i o n of ponds l u d g e , a f f e c t e d soil and b io treatment s o l i d s tobetter d e f i n e de s ign parameter s , e s t a b l i s h a l eachatep e r f o r m a n c e c r i t er ion, a n d i d e n t i f y c a n d i d a t es t a b i l i z a t i o n b l end s .
3. Use B . E . S . T . da ta to es t imate the cost of the solvente x t ra c t i on a l t ern

\D
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McClel land engineers
PO- Boi 7400^0. H o u s t o n . T«*« 77374. T«l 713/772-3700. T«t«r 762447

October 5, 1987

Mr. Chris Tanner
E R M - S o u t h w e s t , lac.1600 Memorial Drive, Sui t* 200
H o u s t o n , Texas 77079-4006
A t c t a t i o n : Chris Tanner

S u b m i t t e d here ere the laboratory twit re sul t s for p e r m e a b i l i t y and shears t r e n g t h measurements. The t e s t s vere per f ormed on one sample s u p p l i e d byERM S o u t h w e s t and three sample s s u p p l i e d by ERREOO.

in
vO

P v l c r to t e s t i n g it ww 3%a*r*rin thac the EPK s a m p l e van approx imate? . /i / 4 " shorter and 1/J.6" less in d iau e t t r than the internal dimensions of **"•m o l d i n g tube. T h i s void was f i l l e d vith a dark b lacki sh graen liquid aboutthe cons i s t ency of water. The s a m p l e was very s o f t and tended to s l u m p whenremoved f r o m the m o l d .
The ERF ECO s a m p l e s were t*' .e same d iame t er as the m o l d , but shorter.S a m p l e 1 / 1 0 was about 1 / 2 " shor t er , S a m p l e 1 / 1 0 0 and 1 /1000 were about 1 / 1 6 "shor t e r than the Bold . All three sampl e s had le s s then 5 ml of f r e e l iquidp r e s e n t . When s a m p l e 1 / 1 0 w a s removed f r o m t h e m o l d , i t ' s appearance w a ss i m i l a r to the ERM sampl e . S a m p l e s 1 / 1 0 0 and 1 /1000 however, were mores t i f f , bu t very f r i a b l e , and the ends o f the s a m p l e s were a p p r o x i m a t e l ytwice the c on s i s t ency as the m i d d l e p o r t i o n . The vane shear test wasp e r f o r m e d on the m i d d l e p o r t i o n o f the s a m p l e s .
We a p p r e c i a t e the o p p o r t u n i t y to work with you on this p r o j e c t . If youhave any questions about the test da ta p l e a s e ca l l .

S i n c e r e l y ,M c C l e l l a n d Engineers, I n c .

Kenne th V . H i l lLaboratory S u p e r v i s o r

Enclosure
K W H / s c
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y . c C l e i i a n d E n g i n e e r s - P r o c e d u r eG e ' o t e c n n i c a l C o n s u l t a n t s Revi s i cn
A p p r o v e d :

-
rage I of 2

M I N I A T U R E V A N E
1 - S C O P S : Described w i th in t h i s s e c t i on l a t h e s t a n d a r d p r o c e d u r e o f

p r e p a r i n g t e s t s p e c i m e n s , c o n d u c t i n g t h e min ia ture vane t e s t ,
c o m p u t i n g and p r e s e n t i n g the t e s t data .

2. REFERENCE
U n i t T r a i n i n g G u i d e on Minia ture Vane
M c C l e l l a n d Engineer s , I n c . , H o u s t o n , T X , 1979

3 * T E S T E Q U I P M E N T
The minia ture vane shearing device consi s t s of a v a n e / s p r i n g

r o t a t i o n a p p a r a t u s , which is powered manua l ly or e l e c t r i c a l l y and
sha l l r o t a t e the top of the s p r i n g at a rate of 6-12 degrees per
minute. T h i s a p p a r a t u s shal l have an i n d i c a t o r , which d i s p l a y s
the rotatl'••>-. at tn« npr.lug in <iegr««s. T^w v«n* .̂ill consist of
a f o u r - b l a d e ^ vane that may vary f r om 1 / 2 " X 1/2" to i" by 1". A
balance s en s i t iv e to 0.01 g wi l l be used for we igh ing mois ture
s p e c i m e n s .

U . S A M P L E P R E P A R A T I O N
S p e c i m e n s should have a d i a m e t e r s u f f i c i e n t t o a l l o w 1 /2 I n c h

c l earanc e between all p o i n t s on the c i r cumf er enc e cf tha sh ear ing
s u r f a c e and the outer edge of the s a m p l e .
U n d i s t u r b e d S p e c i m e n s - T e s b may be run in the tube for thin-
w a l l e d tube sample s e l i m i n a t i n g the need for ex tru s ion.
Remolded Spec imens - The remolded material is compac t ed into a
mold of circular cross sec t ion having d imens ions m e e t i n g the
requirements s t a t e d earlier.

5. PROCEDURE
Uair.£ th9 t c r v £ r t ? , the soil s t r e n g t h is e s t imated In order to

select the p r o p e r vane and vane s p r i n g . The end of the s ampl e

NO

O
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F a g s 2 o f 2

where the vane w i l l be in s er t ed s h o u l d be trimmed f l a t and
p e r p e n d i c u l a r with the wall of the tube. The tube containing the
s a m p l e is then c lamped f i r m l y in the a p p a r a t u s . The vane is
i n s e r t e d in the s a m p l e to a d e p t h equal to twice the he ight of the
vane and the i n i t i a l reading is taken. Rota t i on of the vane s h a l l
be i n i t i a t e d e i ther m a n u a l l y or me chan i ca l ly so as to ro ta t e theotop of the s p r i n g a p p r o x i m a t e l y 10 /ain. The vane is a l lowed to
ro ta t e until f a i l u r e occurs and the f i n a l reading is recorded.
S p r i n g rotation, however, nay not exceed 180 « (Vane springs are
cal ibrated only to ISO , th ere fore; when 180 is exceeded, the
s p r i n g could become ovarstressed which would cause inval id
r e s u l t s . ) The vane is removed and a r e p r e s e n t a t i v e s a m p l e of the
s p e c i m e n is secured to d e t e rmine the moisture cont ent .

C a l c u l a t i o n s are p e r f o r m e d and the r e su l t s and da ta are
en^jr t- l on F o r m 16C-2.5 ( 1 9 7 9 ) . T**-t c capuwi c i on aro made and cr.
re sul t s reported as s p e c i f i e d in ASTM D 257-72. C o m p u t a t i o n s ,
graph i ca l p l o t t i n g and in t erpre ta t i on s shell be i n d e p e n d e n t l y
checked.
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S u m m a r y o f T e a t R e s u l t s
Chemica l F i x a t i o n S C u d y

J o b N o . 0187-0301
Dace; Oct. 1. 1987

S d M p l eI d e n c i f l c a c t o n
ERH

ERRECO I / I t

1/100

I / ( ( t O O

W a t e rContent ( Z )
29
30

54
54
36
35
31 .
36

U n i t D r y
H e i g h t ( p c f )

92
-

53
-
65
-
69
—

P i r i e a b i l l t y
( c a / a e c )

1 . 9 X I O - ?
-

1 . 2 X 1 0 - 5
-
5.0X10"5

-
1.2X10" 5

-

Ml nature V a n e
Shear S t r e n g t h ( K S F )

-
0.02

-
0.06
-
0.42
-
2.25

0 1 1 1 6 8
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B . E . S . T . ™ G L A S S W A R E T E S T REPORT
f o r

E R H S o u t h w e s t / S h e r i d a n S i t e S l u d g e

P r e p a r e d by
Resourc e s C o n s e r v a t i o n C o a p a n y3 X 0 1 N . E . N o r t h u p W a yBell evue , W a s h i n g t o n 98004

October 12, 1987

B . E . S . T . G l a s s w a r e T e s t R e p o r t
f o r

K S o u t h w c s t / T h e r i d a n S i t e S l u d g e

Or-

©
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I n t r o d u c t i o n
A sampl e of waste m a t e r i a l f r o a a waste impoundment pond at as i t e near S h e r i d a n , T e x a s w a s s u b m i t t e d t o t h e R C C a n a l y t i c a l l a bf o r a B . E . S . T . g l a s s w a r e s i m u l a t i o n . T h e s a m p l e w a s r e c e ived o n7 / 3 0 / 6 7 i n a f i v e g a l l o n p l a s t i c bucke t . T h e s a m p l e h a dp a r t i a l l y s e p a r a t e d d u r i n g s h i p m e n t ; th er e w a s a n o i l y w a t e rlayer on top and a semi-sol id o i l y s l udge had s e t t l e d to theb o t t o m . A l t h o u g h t h e s a m p l e c o n t a i n e d some l u m p s o f s o l i d s ,t h e s e could be e a s i l y broken down to s m a l l e r s i x e s and s c r e e n i n gof the s a m p l e to ensure smal l p a r t i c l e sice was not r e q u i r e d .A f t e r m i x i n g t h e c o n t e n t s o f t h e bucket t o achieve h o m o g e n e i t y ,an al iquot was removed for f u r t h e r t e s t i n g .

C o m p o s i t i o n a l A n a l y s i s
T h e m a t e r i a l w a s a n a l y z e d f o r T o t a l S o l i d s a t 1 0 S ° C t o d e t e r m i n ei t s v o l a t i l e ( i . e . , w a t e r ) a n d n o n - v o l a t i l e f r a c t i o n s ( i . e . ,s o l i d s * o i l / h e a v y a r g a n i c s ) a t 1 0 5 ° C .
T h e d r i e d s l u d g e s a m p l e d e r i v e d f r o m t h e T o t a l S o l i d sd e t e r m i n a t i o n was then p l a c e d i n t o a S o x h l e t e x t r a c t o r ande x t r a c t e d w i t h m e t h y l e n e c h l o r i d e o v e r n i g h t t o g r a v i m e t r i c a l l yd e t e r m i n e o i l c o n t e n t . T h e s o l i d s were d e t e r m i n e d b y d i f f e r e n c e .The r e s u l t s o f these analy s e s were as f o l l o w s :

o

A n a l y t e
Oil IW a t e r tS o l i d s %P C B ' s

in a d d i t i o n to the above,s l u d g e was d e t e r m i n e d :

R e s u l t
35.44.21.106. ppm

t h e heavy m e t a l s c o m p o s i t i o n o f t h e

Page 1
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R a w S l u d g e M e t a l s C o m p o s i t i o n
A n a l y t e
A l u m i n u mA r s e n i cB a r i u mBoronC a d m i u mC h r o m i u mC o p p e rI r o nLeadMangane s eN i c k e lZ i n cS t r o n t i u mP h o s p h o r u sS e l e n i u mS i l v e rM e r c u r y

T r i e t h y l a _ a i n e C o m p a t i b i l i t y T e s t

R e s u l t . m q / K q
5,300.23.2.224.3.4170.240.5 , 6 0 0 .320.76.75.930.31.660.32. CMr-

(TEA/ i* & cospcur.-* v i t h a unique c h e m i c a ls t r u c t u r e . T h e g e o m e t r y o f t h e s t r u c t u r e i s t e t r a h e d r a l , m e a n i n gthat the N i t r o g e n atom i s at the center of a p y r a m i d . The f o u rp o i n t s of the pyramid s t ru c tur e are occupied by three e t h y lf u n c t i o n a l g r o u p s a n d o n e P i e l e c t r o n c l o u d . T h i s s t r u c t u r eg i v e s T E A a dual p o l a r i t y c h a r a c t e r i s t i c . T h e e t h y l g r o u p s a r ee s s e n t i a l l y n o n p o l a r , t h e P i e l e c t r o n c l oud i s p o l a r . T h i s dualp o l a r i t y i s the reason TEA works so w e l l in e x t r a c t i n g s l u d g e sand e m u l s i o n s that have a p p r e c i a b l e water c on t en t . H o w e v e r , thee l e c t r o n p a i r o f t h e P i o r b i t a l c a n a l s o react w i t h c e r t a i n t y p e so f m a t e r i a l s . I n o r d e r t o d e t e r m i n e i f t h i s w i l l occur w i t h as a m p l e , a c o m p a t i b i l i t y t e s t i s p e r f o r m e d . T h i s i n v o l v e s m i x i n gof the s a m p l e w i t h TEA and making ob s erva t i on s as to the heat ofs o l u t i o n and any other visual s igns of r eac t i on .
A 7.95 gm p o r t i o n o f mixed s l u d g e a t 67 d e g r e e s F. was m i x e d w i t h100 mi s o f TEA that had been c h i l l e d , t o 18 d e g r e e s F.. Thei n i t i a l t e m p e r a t u r e o f t h e m i x t u r e wa s 41 d e g r e e s F. i n d i c a t i n gt ha t no excessive heat of s o l u t i o n or r ea c t i on would bee n c o u n t e r e d . T h e T E A q u i c k l y turned b r o w n / b l a c k i n c o l o ri n d i c a t i n g that t h e o i l s p r e s e n t i n t h e s a m p l e a r e r e a d i l ys o l u b l e i n T E A .
Bss*d or. *rhe f a v o r a b l e r e s u l t s of t h i s p r e l i m i n a r y t e s t , it wasd e c i d e d that t h e g la s sware B . E . S . T . s imula t i on should

Page 2

D-35



IIIIIIIIIIIIIIIIIII

S l u d g e p H A d j u s t m e n t
T E A c a n b e i o n i z e d a t l o w p H t o t r i e t h y l a m a o n i u m s a l t s w h i c hcannot b e removed f r o m t h e p r o d u c t s . T h e bas i c n a t u c t o f t h e T E Aw i l l b u f f e r t h e p H o f t h e s a m p l e t o a p p r o x i m a t e l y nine. T h e T E As p e n t in the pH b u f f e r i n g w i l l be l o s t a s a TEA s a l t . In o r d e rt o e f f i c i e n t l y recover t h e T E A f r o m t h e s e p a r a t e d s l u d g e p r o d u c t !( o i l , w a t e r , a n d s o l i d s ) t h e p H o f t h e s a m p l e i s a d j u s t e d t oabout 12.
A 12.3 gm p o r t i o n of s l u d g e was mixed wi th 100 mis of wat er . ThepH of t h i s m i x t u r e was measured to be 6.4, i n d i c a t i n g t ha tcau s t i c would need to be a d d e d . I n c r e m e n t a l p o r t i o n s of 50 %caust ic were added to b r ing the s a m p l e pH to about 12.0. Theaverage amount o f c a u s t i c that wa s required t o p e r f o r m t h i s pHa d j u s t m e n t was e q u i v a l e n t to 65. mis o f 501 cau s t i c per k i l o g r a mo f s l u d g e . Exac t c a u s t i c r equ i r emen t s f o r f u l l s ca l e t r e a t m e n tof t h i s m a t e r i a l would have to be d e t e r m i n e d in a s e p a r a t e s t u d y .

S l u d g e E x t r a c t i o n
Based on the c a u s t i c d o s a g e i n f o r m a t i o n o b t a i n e d p r e v i o u s l y , a600 gram p o r t i o n of the s iu5^* *ai»^l« ««» pH a d j u s t e d by *4d ing3 9 . m i s o f S O % c a u s t i c p r i o : t o T S A c x t r z c t i c r . . * t f e * r p Ha d j u s t m e n t , t h e s l u d g e w a s c h i l l e d t o 4 0 ° F a n d then w a s a d d e d t othree l i t r e s o f c h i l l e d TEA. M i x i n g was p e r f o r m e d by an aird r i v e n p r o p m i x e r in an open top beaker. The m i x e r was ab l e t oinduce adequat e m i x i n g in the b e a k e r , i n d i c a t i n g t ha t no m i x i n gc o m p l i c a t i o n s s h o u l d ar i s e d u r i n g f u l l - s c a l e o p e r a t i o n s . A se x p e c t e d , t h e s o l v e n t became d a r k c o l o r e d i n d i c a t i n g t h a t o i le x t r a c t i o n w a s t a k i n g p l a c e . A f t e r a r e s idence time o f t h i r t ym i n u t e s t h e m i x i n g w a s s t o p p e d . T h e m i x t u r e ' s s o l i d s f r a c t i o nwas p r i m a r i l y composed o f two t y p e s o f p a r t i c u l a t e s o l i d s ; al a y e r ( a p p r o x i m a t e l y 1 0 % ) o f f i n e l y d i v i d e d l i g h t f l u f f y s o l i d s ,a n d a h e a v i e r l a y e r o f g r i t t y s o l i d s o f much l a r g e r p a r t i c l es i z e . T h e p a r t i c u l a t e s o l i d s were observed t o r e a d i l y s e t t l e t ot h e b o t t o m o f t h e b eaker i m m e d i a t e l y when m i x i n g c e a s e d . T h ef i n e s remained in suspension.
T h e cool T . E . A . / s l u d g e m i x t u r e w a s t h e nmount ed c e n t r i f u g e t o remove s o l i d s . c e n t r i f u g e d i n a f l o o r

337C a l s o f c en t ra t e ( s p e c i f i c g r a v i t y 3 4 0 ° r - 0 . 7 5 ) a n d w e ts o l i d s ( 2 4 0 . g m ) were o b t a i n e d a f t e r c e n t r i f u g a t i o n .
A n a d d i t i o n a l wash s t e p e m p l o y i n g s i m i l a r c o n d i t i o n s t o t h e f i r s te x t r a c t i o n wa« c a r r i e d o»!t to f u r t h e r remove r e s i d u a l Oil andG r e a s e f r o w th e we t s o l i d s recovered during th e f i r s t « x T a v , - i o n ,

P a g e 3
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A f t e r t h e second T E A / c e n t r i f u g a t i o n s t e p , 3000 m i s o f c e n t r a t *( s p e c , g r a v i t y I 4 0 ° F » 0 . 7 2 ) a n d 2 5 4 . g r a m s o f w e t s o l i d s wereo b t a i n e d . T h e w e t , washed s o l i d s were d r i e d a t 1 0 5 ° C t o e v a p o r a t tT E A . T h e d r i e d s o l i d s were l a b e l e d P r o d u c t S o l i d s .
C h e m i c a l a n a l y s i s o fr e s u l t s : t h e P r o d u c t S o l i d s y i e l d e d t h e f o l l o w i n g

P r o d u c t S o l i d s A n a l y s i s
A n a l y t e R e s u l t

370. pp i1.2 %0.75
R e s i d u a l T r i e t h y l a m i n eR e s i d u a l O i l a n d G r e a s e ( f r e o n )R e s i d u a l P C B ' s

T o t a l M e t a l s A n a l y s i s }A l u m i n u mA r s e n i cBariumBoronC a d m i u mC h r o m i u mC o p p e rI r o nLeadM a n g a n e s eN i c k e lZ i n cS t r o n t i u mP h o s p h o r u sS e l e n i u mM e r c u r yS i l v e r <1.
P r o d u c t S o l i d s l e a c h a b i l i t y , a s i n d i c a t e d b y t h e E P T o x i c i t ye x t r a c t i o n t e s t , showed t h e f o l l o w i n g r e s u l t s f o r t h e l e a c h a t e :

26,000.150.54.100.16.800.670.26,000.1,600.350.280.4 ,300.190.3,400.140.

A n a l y t e
A r s e n i cBariumC a d m i u mC h r o m i u mLeadS e l e n i u mS i l v e rN i c k e lC o p p e rZ i n c

R e s u l t , m q / L
1.317.0.064.03.31.2<Q.025.910.25. iN . 4,

P a g e 4
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T o x i c l t y C h a r a c t e r i s t i c L e a c h i n g P r o c e d u r e ( T C L P ) e x t r a c t m e t a l sa n a l y s i s ( m g / 1 ) ;

A n a l y t e
A r s e n i cBariumC a d m i u mC h r o m i u mC o p p e rLeadN i c k e lZ i n cS e l e n i u mM e r c u r yS i l v e r

O e c a n t a t i o n o f T E A / 0 1 1 f r o m H a t e r
T h e c e n t r a t e f r o m t h e i n i t i a l T E A / S l u d g e m i x i n g w a s h ea t ed t o 1 4 0r . t o e f f e c t the s e p a r a t i o n o f the aqueous and o r g a n i c f r a c t i o n s .

R e s u l t , t n g / L
.9614..063.19.53.94.322..9<.l<.02

e d a c a n t a t u o n was « f o u r - l i t r e s e p a r a t o r y f u n n e limmersed in * heated *«te; b t t h to contro l thermal l o s s . 7h-»c e n t r a t e was a l l o w e d one h a l f hour of quie s cent t ime at tnee l e v a t e d t e m p e r a t u r e p r i o r t o d e c a n t a t i o n . S e p a r a t i o n occurredr e a d i l y , b u t t h e pre s ence o f a n emuls ion ' r a g ' l a y e r w a s no t edwhi ch d id no t s u b s i d e under t h e c o n d i t i o n s o f t h e s i m u l a t i o nd e c a n t a t i o n .
O b s e r v a t i o n s i n d i c a t e d that maximum s e p a r a t i o n was achieved int h e f i r s t t e n minu t e s o f t h e d e c a n t a t i o n . T h e d e c a n t e d c e n t r a t ew a s s e p a r a t e d b y d r a i n i n g o f f t h e l ower ( w a t e r ) l a y e r . A w a t e rl a y e r volune o f 2 0 3 m i s ( s p e c , g r a v i t y a . ! 4 0 ° F - . 9 3 ) w a s r e c o v e r e d .

W a t e r T E A S t r i p p i n g

Removal o f T E A f r o m t h e d e c a n t e d w a t e r f r a c t i o n w a s a c c o m p l i s h e dby b o i l i n g the water at an e l e v a t e d pH O 1 1 . 5 ) . The e l e v a t e d pHi s n e c e s s ary to ensure e f f i c i e n t removal o f TEA whi ch need s t o b ei n t h e m o l e c u l a r f o r m . A f t e r T E A r e m o v a l , t h e w a t e r vo lume w a sr e c o n s t i t u t e d t o i t s o r i g i n a l vo lume ( 2 0 3 m i s ) u s i n g d e i o n i z e dw a t e r and c o l l e c t e d a s th e P r o d u c t H a t e r .
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Produc t w a t e r A n a l y s i s ( u n t c e a t t d )
A n a l y t e

R e s i d u a l T E AF i n a l p HOil and G r e a s eT o t a l D i s s o l v e d S o l i d sA l u m i n u mA r s e n i cBariumC a d m i u mChromiumC o p p e rLeadN i c k e lZ i n cS e l e n i u mS i l v e rM e r c u r y

R e s u l t . m q / L
21.11.813,000. *1 9 9 , 0 0 0 .310.0.80.03<0.040.46<0.02<0.8<0.08<0.02<1.2<0.04<0.2

vOr-
Reduced to 12 m g / L by convent ional oil f t g r e a s et r e a t m e n t . See Comment 4 in the C o n c l u s i o n s .

S o l v e n t E v a p o r a t i o n / O i ? S t r i p
P r o d u c t Oi l r e covery i s a c c o m p l i s h e d in thre e s t e p s , r i r s t , th eb u l k o f t h e TEA i s removed by s i m p l e d i s t i l l a t i o n . S e c o n d , t h ef r o m the oi l by steam d i s t i l l a t i o n .t o f u r t h e r reduce t h e r e s i d u a l l e v e l sT E A a z e o t r o p e recovered d u r i n g t h eorgani c contaminant l e v e l s , based on
re s idua l TEA i s s t r i p p e dT h i r d , t h e o i l i s p o l i s h e do f T E A a n d w a t e r . T h es t r i p p i n g p r o c e s s had lowc o l o r and o d o r .
No f o a m i n g was observed d u r i n g the above o p e r a t i o n and no TEAo d o r was a p p a r e n t in the o i l at the c o m p l e t i o n of the s t eams t r i p p i n g s t e p .

P r o d u c t O i l A n a l y s i s
A n a l y t e
V i s c o s i t y e 7 7 ° FP C B ' SA r s e n i cBariumC a d m i u mC h r o m i u mLeadS e l e n i u mS i l v e rN i c k e lZ i n cM e r c u r y

R e s u l t
x l . x l O 6 cp s .*270. m g / K g4 . 4 m g / K g19 . m g / K g< 1 .38.30.<6.3 . 5 m g / K g42. » g / K g12. » g / K g<5 . mg/Kg

m g / K gm g / K ge g / K g

exc e eded v i s c o m e t e r m e a s u r i n g rang*.P a g e 6
D-39
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T e s t C o n c l u s i o n !
T h e B . C . S . T . p r o c t s s h a s t h e c a p a b i l i t y t o e x t r a c t t h e o r g a n i cc o n s t i t u e n t s p r e s e n t in the s l u d g e and c o n c e n t r a t e th em in theo i l f r a c t i o n .
K e y o b s e r v a t i o n s i n c l u d e t h e f o l l o w i n g :

1 ) T h e s l u d g e i s c h e m i c a l l y c o m p a t i b l e w i t h t r i e t h y l a m i n e .
2 ) T h e o i l c o n s t i t u e n t s i n t h e s l u d g e were r e a d i l ye x t r a c t e d i n t o t h e o i l f r a c t i o n .

E x t r a c t i o n o f organic* f r o m t h e p a r t i c u l a t e s o l i d s i nthe s a m p l e was achieved. R e s i d u a l oil content in thep r o d u c t s o l i d s was only 1.2%.
T h e p r o d u c t water i n i t i a l l y e x h i b i t e d h i g h O i l f t G r e a s el e v e l s ( 1 3 , 0 0 0 m g / L ) , which i s no t uncommon at e l e v a t e dpas ( > 1 1 ) . H o w e v e r , a c onvent ional Oil f t G r e a s e removalt e chn ique was e v a l u a t e d , and as a r e s u l t l ower ed thel eve l t o 12 mg/L ( 9 9 , 9 % r e d u c t i o n ) . The t y p e o f watert r ea tment that would be used d u r i n g actual f u l l scalep r o c e s s i n g would be d e p e n d e n t on the a p p l i c a b l e waterd i s c h a r g e r e q u i r e m e n t s .

3 )

4 )

5 )

6 )

7 )

r-

o
K s s i dua l T E A c o n c e n t r a t i o n s i «f r a c t i o n s were l o w , a s e x p e c t e d . c h e s e p a r a t e d p c o c m c ' -

T h e p r e s e n c e o f a ' r a g ' l a y e r i n t h e d e c a n t a t i o n s t e pi n d i c a t e s tha t f u r t h e r work w i l l b e n e c e s sary t od e t e r m i n e what s t e p s would be r equ ir ed to ensure tha tt h i s l a y e r does not b u i l d up in the d e can t e r and a l s o toi n v e s t i g a t e p o s s i b l e m e t h o d s o f r e d u c i n g t h e volume o ft h i s c o m p o n e n t .
P C B ' s were e f f i c i e n t l y e x t r a c t e d f r o m t h e s o l i d s t o 0.75p p m ( e x t r a c t i o n e f f i c i e n c y 9 9 . 8 % ) a n d t h e E P T o x i c i t ym e t a l s l e v e l s a r e be low t h e Maximum C o n t a m i n a t i o n l e v e l sa l l o w e d b y C P A .

P a g e 7
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A T T A C H M E N T 3
Laboratory Resu l t s

( T r a n s m i t t a l L e t t e r )
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S H E R I D A N S I T E C O M M I T T E E
P . O . BOX 266

B E L L A I R E , T X 77401

May 4, 1987

Ms. Ruth L. I z r a e l iU . S . Environmental Pro t e c t i on A g e n c y ,Region VI1445 Ross AvenueD a l l a s , T e x a s 75202
S u b j e c t : Labora t ory R e s u l t sS t a b i l i z a t i o n a n d S o l v e n t E x t r a c t i o n T e s t i n g
Dear M s . I z r a e l i :
Per our d i s c u s s i o n or. A p r i l 28, 1388, we s.ri s r e X o s i n g onec o m p l e t e set or tne laboratory re sul t s f r o m OU.L s t a b i l i z a t i o nand solvent ex trac t ion t e s t ing . T h e s e r e su l t s f o r m the currentbackup f or d i s cu s s i on s in our Source Control F e a s i b i l i t y S t u d y .
As you pointed out, add i t i ona l s tudies and t e s t ing in some areaswould be a p p r o p r i a t e . A f t e r your review o f the e n c l o s e d d a t a ,p l e a s e contact u s about e x t e n d i n g the S o u r c e C o n t r o l F e a s i b i l i t yS t u d y d e l i v e r y da t e so we can inc lude the r e su l t s of thesea d d i t i o n a l studies.
I f y o u have a n y ques t ions concerning t h i s m a t t e r , p l e a s e contac tme.

S i n c e r e l y ,

O

)hn M. C o t t e r e l l , PP r o j e c t M a n a g e r
J M C : s m s : D i s 3E n c l o s u r ecc: D e s i g n a t e d R e c i p i e n t s
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l a b o r a t o r y A n a l y t i c a l R*e«rt>S t a b i l i z a t i o n a n d S » l v « n t E i t r a c t i o n T t s t ; n q
m. M T R I I C L A S S S O U R C E P U R P O S E O A T S C O L L E C T O R L A I N O

N i t f o l l o w i n g f i i p t t t w e qen«r*ted a n d t e s t e d t o r i v t f H
t r e a t e i n t t e c h n o l o g i c !
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S U M M A R Y
I n c i n e r a t i o n of a p p r o x i m a t e l y 30,000 yd 3 o f pond s l u d g e anda f f e c t e d soil at the S h e r i d a n D i s p o s a l Service s s i t e can be bestachieved with a 7 f t ( I . D . ) x 30 f t rotary ki ln system.
T h i s is a very p r e l i m i n a r y s e l e c t i o n , and p r e s u p p o s e s thatincinerat ion of s l u d g e s and s o i l s with r e l a t i v e l y low concen-tra t i on s of PCBs can in f a c t be achieved wi th in t e c h n i c a l ,r egu la t ory a n d p o l i t i c a l l i m i t a t i o n s . S i g n i f i c a n t t echnicalp r o b l e m s c o m p l i c a t e th e i m p l e m e n t a t i o n o f inc inera t ion,in c lud ing the need to restrict the var iab i l i ty of f e e dc h a r a c t e r i s t i c s , the need to d e s i g n the f a c i l i t y without ac o m p l e t e k n o w l e d g e of the f e e d character, the need to protec tworker s a f e t y a n d t h e d i f f i c u l t y o f e l i m i n a t i n g t o x i c p r o d u c t so f i n c o m p l e t e combustion. Regula tory p r o b l e m s in c lud e th erequirement that PCS d e s t r u c t i o n e f f i c i e n c y must at l eas t equal9 9 . 9 9 9 9 % , a n d p o t e n t i a l N O X c on tro l s . P o l i t i c a l p r o b l e m sinc lude the p u b l i c ' s concern about: 1) the h i g h l y toxic product sof i n c o m p l e t e combustion that re sul t f r o m the incineration ofPCBs and other waste m a t e r i a l s , and 2) the p o s s i b i l i t y that thef a o i l i t y *iay be converted to a con.r.erc:..a.k i n c i n e r a t o r upo:ic o m p l e t i o n or the s i t e r emed ia t i on . The cost o*. inc inerat ion isvery s ens i t ive to t e chnical and p o l i t i c a l p r o b l e m s .
Rotary k i l n incineration was selected over f l u i d bed, c irculat-i n g f l u i d b ed , i n f r a - r e d , f i x e d hearth, m u l t i p l e hearth a n drotary hearth inc inera t i on because o f i t s f l e x i b i l i t y to h a n d l ewaste that varies p h y s i c a l l y , t h e r m o d y n a m i c a l l y and c h e m i c a l l y .
F e e d p r e p a r a t i o n b eg ins wi th the i s o l a t i o n and b l e n d i n g o f wastein an impoundment w i th in the main p o n d . T h i s waste consi s t s ofpond s l u d g e , evaporation system s l u d g e , o i l surface s o i l ,f l o a t i n g oil and emul s i on , and a f f e c t e d soil under the p o n d . Avacuum d r e d g e t r a n s f e r s a s l u d g e - s i o i l mixture to batch tanks forb l e n d i n g with s e l e c t ed drum wastes. Crushed drums and debr i sare fed to the incinerator as a s u p p l e m e n t to this mixture.
The inc inerator is f o l l o w e d by a low pressure drop ventur i- typescrubber to remove the large p a r t i c u l a t e matter and an ion iz ingwet scrubber to remove f i n e r p a r t i c l e s . Aqueous sodiumh y d r o x i d e (10% s o l u t i o n ) is used in the venturi and i o n i z i n gscrubbers to n e u t r a l i z e acid gases. The ash is removed dry andcooled in a screw conveyor at the o p p o s i t e end, below ther e f r a c t o r y l ined t rans i t i on section.
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R E V I E W O F I N C I N E R A T I O N T E C H N O L O G I E S
A N D P R E L I M I N A R Y B A S I S O F D E S I G N

1 - INTRODUCTION
1.1 Purpose and Scone
The primary purpo s e of th i s document is to e s t a b l i s h a reason-able conceptual design for incineration for the Sher idanD i s p o s a l S e r v i c e s (SDS) site f o r u s e in d e v e l o p i n g and comparingremedial a l t e rna t iv e s .
The p o t e n t i a l a p p l i c a b i l i t y o f the various incinerationt e c h n o l o g i e s to the SDS s i t e has been evaluated on a p r e l i m i n a r ybasis. A t e c h n o l o g y is s e l e c t ed and a d e s i g n d e v e l o p e d as sumingr emed ia t i on o f a l l o f the pond s l u d g e , evaporat ion systems l u d g e , o i l y s u r f a c e soil , f l o a t i n g oil and emul s ion anda f f e c t e d soil under th e p o n d .
1 . 2 S i t e Background

d t i o n of che SL»S s i t f e , e»c p r e l i m i n a r i l y characterized iWth i s e v a l u a t i o n , involves the treatment o f a p p r o x i m a t e l y 20,000yd5 of s ludge and f l o a t i n g oil and emulsion which has a s i g n i f i -cant caloric value ( e s t i m a t e d 6 ,500 B t u / l b ) ; p l u s 10,000 yd 3 o fo i l y s u r f a c e s o i l , evaporat ion system s l u d g e , and a f f e c t e d soilunder the pond which has minimal hea t ing value; p l u s an a l l o w -ance of a p p r o x i m a t e l y 1, 000 drums of waste material assumed tobe s i m i l a r to the s l u d g e .
The he terogenei ty of each of these wastes makes the s e l e c t i o n ofan inc inera t i on system to hand l e the entire amount d i f f i c u l t .T h e v i s c o s i t y o f t h e s l u d g e c o m p l i c a t e s t h e m a t e r i a l s h a n d l i n g .A l s o the f a c t that the pond contains drums or p a r t s of drums tobe incinerated l i m i t s the p o s s i b l e types of incinerators thatm i g h t be used.
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2 - C O M P A R A T I V E E V A L U A T I O N O F I N C I N E R A T I O N S Y S T E M S
2.1 General
H a z a r d o u s waste inc inerat ion in the U n i t e d S t a t e s , w h i l eprac t i c ed since the 1960' s , was not regulat ed unt i l 1982 whenthe f i r s t rules under RCRA were comple t ed . T h e r e f o r e , f rom aprac t i ca l s t a n d p o i n t , incineration is a r e l a t i v e l y new techno-l o g y f o r hazardous waste d i s p o s a l . Only a f e w ( 2 0 - 2 5 ) hazardouswaste incinerators have received permi t s to d a t e , and many ofthese burn l iquid waste only. Cer ta in generic or s p e c i f i cinc inerator t y p e s have been te s t ed for the ir a p p l i c a b i l i t y tohazardous waste d e s t ru c t i on and, under t h e U . S . E P A S I T E pro-gram, others w i l l be tested and evaluated. For the purpose ofs e l e c t i n g a s u i t a b l e system f or th e S h e r i d a n s i t e , t e c h n o l o g i e swhich have shown some evidence of success on s i m i l a r wastes havebeen evaluated. Other emerging t echnologie s are not includedhere because of l i m i t e d da ta on which to base an evaluat ion.
C a n d i d a t e incinerator systems which might be considered are theF l u i d Bed, C i r c u l a t i n g F l u i d Bed, I n f r a - R e d , Rotary K i l n , F i x e dH e a r t h Contro.Mea A i r , M u l t i p l e H e a r t h , ar.d Rot?ry H e a r t h .
In general , the air p o l l u t i o n control systems which would orcould be used with any of these incinerators are s i m i l a r so theyw i l l not be discussed with each incinerator type . Each sys teminvolves the c o l l e c t i o n of par t i cu la t e ( a s h ) in either a dry orwet ted f o r m and the n e u t r a l i z a t i o n or a b s o r p t i o n of acid gascomponen t s of the f l u e gas such as HC1 and S 0 2 . C e r t a i n incin-erator systems, such as the c i r c u l a t i n g f l u i d bed incineratorlend themse lve s to dry p a r t i c u l a t e c o l l e c t i o n , but no incinera-tor i s s p e c i f i c a l l y l i m i t e d to a s i n g l e t y p e o f air p o l l u t i o ncontrol sys tem.
The l e a cha t e charac t er i s t i c s of waste ash are indep enden t of theincinerator t y p e and t h e r e f o r e not relevant to thi s comparison.Most of the incinerator type s discussed have done this in test sor f o r m a l t r ia l burns. The d e c i s i on to use any incinerator mustt h e r e f o r e be based on its c o s t - e f f e c t i v e n e s s and a p p l i c a b i l i t yto the s i tua t i on .
2.2 F l u i d Bed
F l u i d bed incinerators are manufac tur ed by several companie s .T h e y u t i l i z e a bed of sand or alumina suspended or " f l u i d i z e d "in a pre s sur iz ed air stream, the waste s l udge or f i n e l y divic ica
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s o l i d waste i s i n j e c t e d c o n t i n u o u s l y near the top of the bed.The f l u i d i z i n g air is i n i t i a l l y preheated by burners and l a t e rby heat recovery if it is p r a c t i c a l . The f l u i d bed inc ineratorcan op era t e on a low hea t ing value waste wi thout the a d d i t i o n ofa u x i l i a r y f u e l , because the sand bed h o l d s the heat f r o m thecombust ion of the waste.
The f l u i d bed incinerator has been employed for a variety ofwaste m a t e r i a l s f r o m r e f i n e r y s l u d g e s t o p a p e r m i l l "blackliquor". It ' s primary advantage i s that i t can operate a t lowert emperature s than most incinerators, thus saving aux i l i ary f u e l .It is, however, sensit ive to mater ia l s that s lag at its operat-ing t e m p e r a t u r e , which can f o u l or p l u g the bed. H i g h a shm a t e r i a l s present a d i f f e r e n t prob l em because the ash can o n l ybe di s charged f r o m the system by removing some of the bedmaterial ( s a n d ) . When burning a high ash waste-the sand must bes eparated f r o m the ash, if p o s s i b l e , and recycled or r ep la c ed byf r e s h bed ma t e r ia l .
It is necessary to p r e p a r e the waste f e e d so that it is phys i c-a l l y s ized to be cont inuous ly i n j e c t e d into the bed and that iti« t n e r m o d y n a m i c a l l y consis tent .\n hr.ctir.g value. Inrhis* AS d i f f i c u l t to achieve in mcs* s r t s r p ™ e * i i » t l r ? ^ sawhere there is v a r i a b i l i t y in the waste charac t er i s t i c s .
The f l u i d bed incinerator is more economical as the c a p a c i t yincreases. It is p h y s i c a l l y u n s u i t a b l e as a m o b i l e un i t , buf itcould be cons idered t r a n s p o r t a b l e . It is inheren t ly more expen-sive than most c o m p e t i t i v e systems in f i r s t cost and lower ino p e r a t i n g cost. It could be used on the s l u d g e at the S h e r i d a ns i t e (if drums and debri s are r emoved), but not for the s o i l s ordrum waste. Ko f l u i d bed inc inerator has been p e r m i t t e d , tod a t e , f o r h a z a r d o u s waste inc inera t ion except f o r p i l o t uni t s .
2 . 3 C i r c u l a t i n g F l u i d B e d
T h i s sy s t em works l ik e a f l u i d bed and, in a d d i t i o n , e m p l o y s awater wa l l combust ion c h a m b e r / b o i l e r . It i s e xp en s iv e , andthere is l i t t l e or no use for the steam at th i s s i t e . The wasteis i n j e c t e d into the c i r c u l a t i n g f l u i d bed, burns and re l ease sits heat. The ash is carried wi th the f l u i d i z e d air and combus-t ion produc t s into the cyclone s eparator . The water w a l lcombus t ion chamber maintains the reactor t empera ture , but with-out a use for the steam it is imprac t i ca l and expensive. Them a n u f a c t u r e r c laims that acid gas n eu t ra l i za t i on can be econom-i c a l l y achieved by a id ing liia«. to the teed. Ther* is no reasonto discount th i s c l a i m , cue the c la im ia al so val id for thef l u i d bed. The same po s i t i v e and negative aspec t s inherent in
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the f l u i d bed combustor a p p l y her* except that the c i r c u l a t i n gf l u i d bed requires the extra cost of the water wall chamber.
The c i r c u l a t i n g f l u i d bed is sold by Ogden EnvironmentalServ i c e s , who purchased GA T e c h n o l o g i e s . T h e y o f f e r a trans-p o r t a b l e version for site remediation. T e s t burns on th e i rp i l o t unit on PCB waste have been s u c c e s s f u l .
2.4 I n f r a - R e d
I n f r a - r e d incineration systems are sold by two companies at thepre s ent , Shirco and MASS, Both have i n s t a l l a t i o n s o p e r a t i n g onhazardous waste. Shirco has a mobile p i l o t test unit and hassold a larger t ran spor tab l e unit. I n f r a - r e d incinerationemploys a woven wire belt to transport the waste through thefurnace. T h i s unit requires that the waste have no ** free"l iqu id s because l iquid s would run through the bel t . The wasteon the belt pas s e s beneath e lec tric infra-red heating elementswhere it is heated to temperatures that v o l a t i l i z e and p y r o l i z ethe hydrocarbons present. Air may be added to igni t e the wasteat any point a long the furnace. The f l u e gases pas s into a* « c o r i r ' » r y chamber, f i r e d by gas or f u e l o i l , where they aref u r t h e r heated and ch«* hydrocarbons destroyed.
At the S h e r i d a n s i t e , the wet s l u d g e would have to be mixed w i t hsoil or l ime to make it s o l id enough to be carried on the b e l t .The soil could be handled by the system as it has been in otherl o ca t ions . The f e e d is restricted to a maximum size of 1.5inches in d iamet er . T h i s would mean a s i g n i f i c a n t amount ofc o s t l y f e e d p r e p a r a t i o n . The real f o r t e o f the in f ra-r ed inc in-erator is hand l ing so i l s . It can save f u e l compared to othert y p e s because the f u e l can be mixed with the soil and the unitruns at low air rates. It is, however, a r e l a t i v e l y unprovent e chno logy . The only f u l l - s c a l e system has been o p e r a t i n g atthe Peak Oil site in F l o r i d a . It has had s i g n i f i c a n t opera-t i ona l p r o b l e m s with waste f e e d i n g and ash removal, and has yetto be f u l l y p e r m i t t e d .
2 .5 Rotary K i l n
The rotary k i ln incinerator consist s o f a r e f r a c t o r y l inedcy l inder which rotates s l o w l y on f i x e d trunnions. The k i l n ise s s e n t i a l l y a moving hearth which promotes mixing between thewaste and the combustion air. The k i ln is s l o p e d s l i g h t l y f r o mthe f e e d end to the ash di scharge end so that the waste may movealong the l eng th of the J r i l n . It requires between 50% and 100%excess air for normal opera t i on . The k i ln is f o l l o w e d by an
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a f t e r b u r n e r , where the organic compounds remaining in the f l u egases are d e s t r o y e d .
A rotary k i l n may be fed by a var i e ty of me thod s . Liquid was te ssay be atomized through burners or n o z z l e s . S l u d g e s may bes i m i l a r l y atomized or fed onto the hearth through an open p i p e .S o l i d s may be fed through screw f e e d e r s , gravi ty chutes or ramf e e d e r s . Ram f e e d e r s may charge packaged wastes in c ombu s t i b l econtainers.
The m a j o r d i s a d v a n t a g e of the rotary k i l n incinerator is that i ti s less* f u e l - e f f i c i e n t than many other t y p e s . Another d i sadvan-tage i s t h e need f or c lo se control o f t emperature . If th et empera tur e i s t oo low, combustion w i l l b e i n c o m p l e t e . If th et e m p e r a t u r e is very h i g h , the r e f r a c t o r y w i l l be damaged .C o n s i d e r a b l e experimentat ion wi l l be necessary during incinera-tor s t a r t u p in order to match the hea t ing value of the waste tothe de s ired k i l n t empera ture . A u t o m a t i c t emperature c o n t r o l sare s tandard on rotary k i ln inc inerators , and w i l l requireroutine a t t e n t i o n by a h i g h l y s k i l l e d instrument t echnic ian. Asno control is p e r f e c t , occasional t emperature excursions arei n e v i t a b l e . in a d d i t i o n , tne *"in» L *P»ars of c o n t r o l l i n gexcessive t e u i ^ r d t u t e rise is the shutdown or the incinerator.
Excessive t emperature s be low those which d i r e c t l y damage ther e f r a c t o r y can cause prob l ems due to s l a g g i n g . S l a g g i n g occurswhen me ta l s in the wastes melt and f u s e . At the SDS s i t e , them e t a l s would come f r o m the drum bodie s and a f f e c t e d s o i l . Themetal s l a g can c l o g the incinerator d i s c h a r g e , requiring ashutdown to c lear the c l o g g e d areas, and can a l so damage ther e f r a c t o r y . I n c i n e r a t o r s can be de s igned with in t ent ionals l a g g i n g , bu t th i s requires f a c i l i t i e s t o h a n d l e the s l a gd i s charge and al so requires more c o s t l y r e f ra c t ory .
2 . 6 F i x e d H e a r t h - C o n t r o l l e d A i r
T h i s generic incinerator t y p e was d e v e l o p e d t o h a n d l e m u n i c i p a land i n d u s t r i a l c ombus t i b l e waste m a t e r i a l s which are non-hazardous . Lat er it was a p p l i e d to hazardous waste by severalc o m p a n i e s , s p e c i f i c a l l y T r a d e W a s t e s (now part o f Chemical W a s t eM a n a g e m e n t ) a n d T h e r m a l k e m ( f o r m e r l y S t a b l e x , S . C . ) . T h egeneric unit cons i s t s of a primary chamber with air i n j e c t i o nand a secondary chamber f i r e d on aux i l iary f u e l . The primarychamber can be operated under p y r o l i t i c c ondi t i on s or withexcess air. The secondary chamber is always o x i d i z i n g . For wetwaste s , such as s l u d g e s , the waste is pumped or atomized ontothe hearth. A series of s t e p p e d hearths , each with a mechanical
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ram, have been employed to move the material f r o m the f e e d endto the ash removal section.
T h i s t y p e o f incinerator prov id e s s a t i s f a c t o r y o p e r a t i o n oncombus t ib l e l i q u i d s which can be used as f u e l in the secondarychamber and on dry combus t ib l e s o l i d s . It is a poor choice forwet wastes and s ludge s or s o i l s , and is t h e r e f o r e not sui tablefor the S h e r i d a n site. i t s primary virtue i s i t s low c a p i t a lcost. It has been used for hazardous waste and it has been per-mit t ed for hazardous waste. It is not e a s i l y mobi l e or trans-p o r t a b l e . It does not require any sp e c i a l f e e d p r e p a r a t i o n .
2 . 7 M u l t i p l e H e a r t h
The m u l t i p l e hearth incinerator wa s w i d e l y used f or burningsewage s l u d g e i n t h e 1 9 5 0 ' s a n d 1 9 6 0 ' s , b u t i s consideredob s o l e t e t oday . The f ew companie s who bui l t and s o ld the d e s i g nare now out of business. It cons i s t s of a series of c ir cu larr e f r a c t o r y hearths one above another. The waste is fed to thetop hearth where mechanical arms with rakes move or spread thewaste over the hearth. T h e s e arms rotate on a column or s h a f tt r e a t e d at the center of th--. n.irsie. Each hearth hr-.j ? ^sgme^t:which opens to the hearth beiuw and cue rao&i e arms g r a d u a l l ybring the waste to the o p e n i n g where it d r o p s to the lowerhearth. The waste moves f rom hearth to hearth in this manner.Most m u l t i p l e hearth incinerators consist o f f o u r hearths. Thef i r s t is a d r y i n g hearth, the second and third are burninghearths and the las t is a c o o l i n g hearth. The hearths are f i r e dr a d i a l l y wi th conventional f u e l burners.
The m u l t i p l e hearth incinerator is sui table for soil and s ludge swithout f r e e l i q u i d . It i s not s u i t a b l e for waste of non-u n i f o r m s izes nor is i t s u i t a b l e for wastes with h igh h ea t ingvalues because it is not a good combustor. A m u l t i p l e hearthinc inerator is f i e l d - e r e c t e d and not mob i l e or t r a n s p o r t a b l e .It is h i g h l y mechanical and t h e r e f o r e has a high maintenancecost. None have received RCRA permits to date.
2.8 Rotary H e a r t h
The ro tary hearth incinerator unit is s i m i l a r to a s i n g l e hearthof the m u l t i p l e hearth incinerator, except that the hearth movesaround a central s h a f t and the rabble arms are stationary. Itreceives its combustion air through the arms and al so throughthp r a d i a l l y mounted burners It requires an a f t e r burner tocomule t e the co iabus t ion o f the f l u e gases.
The advantages and d i sadvantage s are s im i lar to the m u l t i p l ehearth incinerator. It is mechanically s i m p l e r , does not lend
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i t s e l f to t r a n s p o r t a b i l i t y and is not a p a r t i c u l a r l y goodcombustor. it w i l l work w e l l on low h e a t i n g value s l u d g e s andso i l s . One unit is current ly p r e p a r i n g for a RCRA trial burnand one has been p e r m i t t e d .
M u l t i p l e and rotary hearth incinerators are d e s igned to h a n d l e awide var i e ty o f s l u d g e s o f varying consi s tency. T h e y can a l s ohandle s o l i d s prepared to a s p e c i f i c physical size l i m i t a t i o n .T h e s e inc inerators are large , me chani ca l ly compl ex , and haveseen l i m i t e d use with hazardous waste burning. T h e y have noinherent a d v a n t a g e over other more w i d e l y used system t y p e s fort h i s a p p l i c a t i o n and would p r o b a b l y be more c o s t l y to bu i ld andoperate .
2 .9 S e l e c t i o n
Of t h e various incinerator t y p e s , t h e f l u i d b ed , c i r c u l a t i n gf l u i d b e d , i n f r a - r e d and rotary k i l n type s ar e p o t e n t i a l l ya p p l i c a b l e t o t h e S h e r i d a n s i te. T h e f i x e d h e a r t h - c o n t r o l l e dair inc inerator is not a p p l i c a b l e because it w i l l not burn s o i l sand s l udge s well and the m u l t i p l e and rotary hearths wi l l benarct to cor-^ro j wvn tine h igh heat ing value of * : h f e
The f l u i d bed incinerator has not been used in site remediat ionand has had l i m i t e d use on hazardous waste. It requires a con-sis tent f e e d that would be d i f f i c u l t to achieve at the Sher idans i t e . The c i r c u l a t i n g f l u i d b ed has the same shor t comings , p l u sit must produc e steam. S i n c e steam is not needed at the s i t e ,there is no economic advantage for the c i r c u l a t i n g f l u i d bed.
The i n f r a - r e d inc inerator has been used for s i m i l a r wastes bute x t en s iv e f e e d p r e p a r a t i o n would p r o b a b l y b e required ( f o re x a m p l e , s l u d g e s o l i d i f i c a t i o n and waste p u l v e r i z i n g ) . Theexpense of this waste pr epara t i on could ea s i ly o f f s e t anyc a p i t a l cost advantage th i s system may have over the rotary k i l ninc inera tor . Previous f i e l d p r o b l e m s with s i m i l a r s l u d g e wastesi n d i c a t e that th i s sys t em may, in f a c t , not be p ra c t i ca l forS h e r i d a n s i t e wastes.
The rotary k i l n inc inerator a p p e a r s to be the best s e l e c t i on tod e v e l o p the d e s i g n basis for inc inerat ion at the S h e r i d a n s i te .T h i s d e s ign basis i s used in the Source Contro l F e a s i b i l i t yS t u d y t o d e v e l o p incinerat ion cost e s t imate s . The costsd e v e l o p e d for rotary k i l n incineration will be representative ofthe in c in era t i on o p t i o n in g e n e r a l , in that the rotary k i l ninc inerator i s g e n e r a l l y l e s s expensive than aither o f the f l u i dbed systems and about equivalent to the infra-red incinerator inf i r s t cost f or th e same a p p l i c a t i o n .
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3 - C O N C E P T U A L D E S I G N
3.1 D e s i g n Basis
The e s t imated waste quant i t i e s and p r o p e r t i e s and other assump-t ions used in the inc inerat ion d e s i g n are given in T a b l e 3-1.The heat and material balance for th i s incinerator is shown onthe f l o w d iagram. F i g u r e 3-1. The d e s i g n basis i s given inT a b l e 3-2.
Proper p r e p a r a t i o n of the waste is e s sential if incinerat ion isto be s u c c e s s f u l . T h i s p r e p a r a t i o n must consist of a combina-tion of waste s e gr ega t i on and mix ing de s igned to minimizeop era t i ona l u p s e t s due to variable or uncertain f e e d q u a l i t y .T h o r o u g h mix ing is required because r a p i d l y varying wastecharacteris t ic s result in incinerator up s e t s , lowered wastecons t i tuent d e s t r u c t i o n e f f i c i e n c i e s , and release o f p o t e n t i a l l ytox i c compounds to the atmosphere via the incinerator stack.W i d e l y varying f e e d charac t er i s t i c s may a l so cause wide varia-t i ons in o p e r a t i n g t empera tur e s , r e s u l t i n g in damage to theinc inerator r e f r a c t o r y or other components . T h i s has the e f f e c to f dud iue*i « i L f e i i e n n - t :
3 .2 I n c i n e r a t i o n system D e s c r i p t i o n

A rotary k i l n with an a f t e r b u r n e r has been s e l e c t ed for th i sc oncep tua l d e s i g n and cost e s t imat e . N a t u r a l gas is used as thea u x i l i a r y f u e l . The incinerator is f o l l o w e d by an a d i a b a t i cquench, a low pres sure d r o p ventur i- type scrubber to remove thelarge par t i cu la t e matter, and an ionizing wet scrubber. Aqueoussodium h y d r o x i d e (10% s o l u t i o n ) is used in the venturi and ion-i z i n g scrubbers to n e u t r a l i z e acid gases. F i g u r e 3~1 shows af l o w d iagram o f t h e conceptual incinerator de s ign.
The rotary k i l n incinerator system s e l e c t ed f o r thi s s tudycons i s t s of a r e f r a c t o r y - l i n e d rotary ki ln which i s fed s l u d g ethrough a p i p e or lance via a po s i t ive d i sp lac ement pump. S o i l ,and any drums f o u n d in the si udge or soil , is c ondi t i oned tos ize through a shredder or s i m i l a r device f o l l o w e d by a barscreen. T h e s e are fed into the k i l n through an auger. N a t u r a lgas is f i r e d through a burner loca t ed at the f e e d end of thek i l n . T h i s a u x i l i a r y f u e l i s used for heat during s t a r t u p andas needed to s u p p l e m e n t the hea t ing value of the waste.
The ash is removed dry and cooled in a screw conveyor at the op-p o s i t e end , below the r e f r a c t o r y l ineu truns i i ion s e c t i o n , r tua
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T A B L E 3-1
I N C I N E R A T I O N D E S I G N A S S U M P T I O N SS H E R I D A N D I S P O S A L S E R V I C E S S I T E

I m p o u n d m e n t S l u d g e
Averages o f laboratory t«»t re sul t s f o r f i f t e e n s l u d g e s a m p l e swere used for the s ludge composit ion. T h i s data was used toderive the f o l l o w i n g e s t imated s l u d g e c o m p o s i t i o n which was usedin the c a l c u l a t i o n s :

Carbon - 35 .23 %H y d r o g e n - 2.44 *Oxygen - 6.54 %C h l o r i n e - 0.03 %s u l f u r - 1,50 %W a t e r - 44.00 %
Ash - 1 C . C O *

H i g h e r H e a t i n g V a l u eAverage S p e c i f i c G r a v i t y •S l u d g e V o l u m e •T o t a l S l u d g e W e i g h t >

o

6 , 5 0 0 B t U / l b1.06 ( 6 6 . 1 I b / C U . f t . )20,000 cu. yds .3 5 , 7 0 0 , 0 0 0 I b ( 1 7 , 8 5 0 t o n s )

N o t e : T h e s a m p l e d e t e rminat i on s f o r hea t ing value averaged4 , 7 5 0 B t u / l b using t h e d e t e c t i o n l i m i t o f 1 5 0 B t u / l b f o r thoses a m p l e s showing no hea t ing value. The hea t ing value s were notc on s i s t en t wi th oil content , however, so an average oil contentfor the 15 s a m p l e s was c a l c u l a t e d at 3 7 . 9 6 % and m u l t i p l i e d by18,000 a s a h ea t ing value f or waste o i l , g iv ing 6 , 8 3 0 B t u / l b .F r o m these two numbers, the 6 , 5 0 0 B t u / l b f i g u r e was chosen asthe p r o b a b l e average.

Drum W a s t e
The drum content s have been assumed to havec o m p o s i t i o n and heat ing value as the s l u d g e . the same average

DrumT o t a l Drum W e i g h t 1,000 f u l l drums486,600 I b ( 2 4 3 t o n s )
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T A B L E 3 - 1 ( C o n t ' d )
I N C I N E R A T I O N D E S I G N A S S U M P T I O N S
S H E R I D A N D I S P O S A L S E R V I C E S S I T E

Oilv S u r f a c e S o i l . E v a p o r a t i o n S y s t e m S l u d c r e . A n dU n d e r the Pond
The s u b j ect s o i l s have been assumed to havec o m p o s i t i o n :

Carbon - 1.13 %H y d r o g e n - 0.12 %Oxygen - 2.46 %N i t r o g e n - 1.00 %C h l o r i n e - 0.10 %S u l f u r - 0.20 %W a t e r - 20.00 %As* - 75.00 %
H i g h e r H e a t i n g V a l u e = 1 0 0 B T U / l bD e n s i t y = 100 I b / c u . f t .I m p o u n d m e n t S o i l V o l u m e = 10,000 cu. yd.

A f f e c t e d S o i l

t h e f o l l o w i n g

T o t a l I m p o u n d m e n t S o i l W e i g h t = 2 7 , 6 0 0 , 0 0 0 I b ( 1 3 , 5 0 0 t o n s )

Other A s s u m p t i o n s
1. An o p e r a t i n g year of 6570 hours, which is 75%
2. S o i l s , s l u d g e s and drums w i l l be incinerated

on-l ine
s i m u l t a n e o u s l yover a two year per iod us ing a s i n g l e incinerator.iiiiii

3. N a t u r a l gas wi l l be the auxi l iary f u e l .

Des ign F l o w Basis
A . 2 , 7 6 0 I b / h r o f s l u d g e & drums
B . 2 , G C C I b / h r c f soil
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111 F I G U R E 3 - 1
F L O W D I A G R A M S H O W I N G H E A T A N D M A T E R I A L B A L A N C E

S L U D G E + DRUMS S O I L !
• 2760 t / H R 2060 # / H R

| CO
4ll

1 NA
* 5

t t f l
1 2 3 4 0 0

( 4 7l
1 10%

138Cllli
l

N o t e : N u m b «

i ,
M B U S T I O N A I R K I L N
5062 # / H R — — — — — — f t
9965 S C F M ) 1870° F

AM«M* ^̂B̂^ *••••••

V a p o r i z e
T U R A L G A S A F T E R B U R N E R
*T rt 4* / tr̂  *•- o *̂  ^ rtO t* *d7 0 f f / r i R — — — — — ' • f t 2200 r 4 —I
j. li.* fc — *1.

1 1 1 / t T T % f c . T O - *f f / r l K ^̂ """" ~ ' • " " " f t l o J .
G P M ) 1 — — — r

» V P W T T T T J T

N a O H | | — — — — — — — — — 3 — — — — — — —

r _ . ,
•CH

5 ° F

S C R U B B E D
i h

# / H R j I O N I Z I N G W E T SCRUBE

i
F ;

F L U E G A S
60400 3 / H R

180° F

i

I
(

r
Ut , —
F — — — 3 C

Hw;

r
S T A C K
( A I R

E M I S S I O N S )i i i —

srs Rounded 3-4
E-14

N A T U R A L G A S
( I G N I T I O N O N L Y )

1

W A T E R Q U E N C H370 #/HR «— ,
( 0 . 7 G P M )

^
» ^ Y T

- —— —— — 1650 #/HRd W a t e r — — — r — — —
L A N D F I L L

— D I S P O S A L

C O M B U S T I O N A x K
« — ^ I T - 7 n n t t / T T O

( 2 5 0 0 S C F M )

I

J E R
"iT
S L O W D O W N W A T E R

S A L T S O L U T I O N , — — — — — — — — '
5-10% S O L I D S )

4
> 4 0 # / H R ( 7 G P M )
• 165 #/HR ASH
i S T E W A T E R T R E A T .

4
R I V E R

Lf J, 4 J V* £1^4X^0 Hi
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T A B L E 3-2
C O N C E P T U A L D E S I G N B A S I S

I N C I N E R A T I O NS H E R I D A N S U P E R F U N D S I T E

K i l n F e e d
S l u d g e LanceS o i l F e e d e r

( B ) K i l n Burner

( C ) Rotary K i l n
M a t e r i a lOutside DiameterI n s i d e D i a m e t e rL e n g t hS u p p o r t sDrive
S p e e dS l o p eR e f r a c t o r y
Opera t ing TemperatureS h e l l T e m p e r a t u r eT o t a l H e a t Rel ea s eH e a t R e l e a s e / V o l u m eO p e r a t i n g PressureExcess AirF l u e G a s Out l e t V e l o c i t y

( D ) T r a n s i t i o n S e c t i o n

( E ) A s h H a n d l i n g S y s t e m
T y p e
noi* wuu4> £)Ash Conveyor

3" Incone l water cooled p i p e- 3" dual screw f e e d e r with screen

N a t u r a l g a s f o r c e d d r a f t t y p e ,
5 , 0 0 0 , 0 0 0 B t u / h r

W e l d e d Carbon S t e e l8 ' - e "
7(- 0"
3 0 'S t e e l trunnionsG i r t h gear w / v a r i a b l e oeed drivefrom electric motorV a r i a b l e 0.5 to 2 RPM1.5 degrees6" F i r e b r i c k 3" Hi t emp i n s u l a t e dbrick1 5 0 0 ° F t o 1 9 0 0 ° F
3 0 0 ° F t o 4 0 0 ° F2 0 , 0 0 0 , 0 0 0 B t u / h r15,000 B t u / c u . f t . / n r0.1 to 0.5 " w.c. negat ive
70%12 f t / s e c

- R e f r a c t o r y - l i n e d carbon steel

Dry ash removalW a t e r S p r a y sC l i d e G a t e T y p eW a t e r cooled screw conveyor

o

3-5
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T A B L E 3 - 2 ( C o n t ' d )
C O N C E P T U A L D E S I G N B A S I S

I N C I N E R A T I O NS H E R I D A N S U P E R F U N D S I T E

( F ) A f t e r b u r n e r
M a t e r i a lI n s i d e d iame t e rOut s ide DiameterH e i g h tR e f r a c t o r y
S h e l l T e m p e r a t u r eI n t e r n a l V o l u m eOpera t ing T e m p e r a t u r eF l u e G a s Residence T i m eH e a t Releaseburneea

( G ) A d i a L a t i c Quench
T y p eM a t e r i a lL i n i n g
I n s i d e DiameterO u t s i d e DiameterH e i g h t

( H ) V e n t u r i Scrubber
Mater ia l
ArrangementDesign Pressure Drop

3 / 8 " Carbon S t e e l
8 ' - 0 »
9 ' 6 3 / 4 "40*4 1 / 2 " f i r e b r i c k over 4 1 / 2 "i n s u l , brick.3 5 0 ° F
2050 C U . f t .
2 2 0 0 ° F2 seconds ( m i n i m u m )
13 ,600 ,000 Btu/hr

each

S p r a y towerCarbon steel sh e l l4" acid brick over P y r o f l e xmembrane l iner6 f 6 "
7 ' 6 "
2 3 '

FRP in l e t & out l e t with H a s t a l l o yvariable throatV e r t i c a l down f l o w10" w.c.

00

O

3-6
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T A B L E 3 - 2 ( C o n t ' d )
C O N C E P T U A L D E S I G N B A S I SI N C I N E R A T I O NS H E R I D A N S U P E R F U N D S I T E

( I ) I o n i z i n g W e t Scrubber
ModalN o . o f P a r a l l e l T r a i n sN o . o f S t a g e s / T r a i nCons truc t i onA p p r o x . Overall Dimen.

( J ) I n d u c e d D r a f t F a n
M a t e r i a lT e m p e r a t u r eF l o wPressureDriveMotor

( K ) S t a c k
M a t e r i a lI n s i d e Diamet erH e i g h tV e l o c i t y

( L ) F e e d Preparat ion S y s t e m
T a n k s f o r S e g r e g a t i o n &B l e n d i n g o f LiquidDrum Cont en t sB l e n d i n g T a n k s f o rS l u d g e and Liquid s
s o l i d s S t a g i n g AreaS o l i d s M i x i n g a n dH a n d l i n gS o l i d s F e e d t oI n c i n e r a t o rPond Dredge

C e i l c o t e Model iws 90013F R P with H a s t a l l o y p l a t e s5 5 ' l ong x 2 8 ' wide x 2 3 ' high

Carbon steel1 8 0 ° F21,000 a c f m25H w.c. negative.V-be l t125 h.p.

Coated carbon steel3 ' 0 "7 5 '
50 fp s

- 6 carbon s t e e l , 5 , 0 0 0 g a l l o n seach, p r o p e l l e r s ide mixers
- 3 carbon s t e e l , 3 p e n - t o p , 1 2 , 0 0 0g a l l o n s each, h igh torque low rpmmixerConcrete pavement 8" curbing- Front-end l o a d e r , tractor t y p ea p p r o x i m a t e l y one cu.yd. c a p a c i t y- Belt conveyor w / d i s c h a r g e h o p p e r
- Cutter head type

o

3-7
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gases f r o m the trans i t ion section pass into a vertical a f t e r -burner where they are f u r t h e r heated to 2200°F by two naturalgas burners each with a capac i ty of 20,000,000 Btu/hr. Airborneash which drop s to the f l o o r of the a f t e rburner must be removedp e r i o d i c a l l y .
The 2200 °F f l u e gases then pa s s into a r e f r a c t o r y - l i n e d quenchtower where they are a d i a b a t i c a l l y cooled by water sprays to184 °F. The wetted and cooled f l u e gases then pas s through ana d j u s t a b l e throat Venturi scrubber where 90% of the remainingp a r t i c u l a t e material is removed, then through a packed bedc r o s s f l o w prescrubber, and f i n a l l y into a three s tage C e i l c o t ei o n i z i n g wet scrubber for the removal of f i n e p a r t i c u l a t e s .
A 10% sodium hydrox id e s o l u t i o n contac t s the f l u e gases in boththe Ventur i scrubber and the c r o s s f l o w scrubber to n e u t r a l i z eany acid gases present in the f l u e gas. The clean gases thenpa s s through the induced d r a f t fan and a mist e l i m i n a t o r intothe d i s c h a r g e stack*

Oo
CM

O
3 . 3 A s h D i s p o s a l
F o r t h e S h e r i d a n sa.ce,d i s p o s e d o f o f f - s i t e . asn f r o m cue inc inerator would be

3-8
E-18 A868
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4.1
1.

4 - CONCLUSIONS AMD RECOMMENDATIONS
C o n c l u s i o n s
Among a l t e rna t iv e inc inerat ion op t i on* , rotary k i l nincineration with a wet ionizing scrubber a p p e a r s to b* theBoat suitable design basis for incineration.
Any incineration systea vill have to incorporate a materi-als h a n d l i n g f a c i l i t y to adequately blend and characterizethe waste.
An incineration system wi l l have to de s troy PCBs with a99.9999% e f f i c i e n c y .
Publ i c op in ion is g e n e r a l l y against incineration at thi ss i t e because of concerns about air q u a l i t y andcommercialization of the f a c i l i t y .
S i g n i f i c a n t material h a n d l i n g operat ions w i l l be needed atthe SOS site to assure a homogeneous, f u l l y characterizedf ? e d to the incincerator.
Other des ign and operating concerns include p o s s i b l e NOKl i m i t a t i o n and worker s a f e t y .
Incinera t ion of soi l s and s ludges at S u p e r f u n d sites is nots u f f i c i e n t l y proven for the cost to be r ea s onab lyp r e d i c t e d .

4.2 Recommendations
1. Base a n a l y s i s of inc inerat ion as a r emedia t i on a l t e r n a t i v eon rotary kiln incineration with a wet ionizing scrubber.
2. Base ana ly s i s of incineration as a remediat ion a l t e r n a t i v eon a f e ed preparat ion system that incorporates s ludgei s o l a t i o n , b l e n d i n g t a n j c s , drum charac t e r i za t i on and mixingf a c i l i t i e s , and s o l i d s h a n d l i n g and f e e d f a c i l i t i e s .

O
CM

O

4-1
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E S ' Q A L T E R N A T I V E B - S O I L M I X I N G

•vaue ma
voi iime

i n i t i a l «; » i r^q
M a t e r i a l s volume f i a t 1 0

1000 iOi i
y d i « a s t e

pond S l u d g e . E m u l s i o n 30 6 i
E v a p o r a t i o n S y s t e m S l u d g e i 2 t
O i 1 v S u r f a c e S o i 1 3 2 *Affec t ed sou under pond 10 2 i

44

w a s t e w a l e r v o l u m e s
f i r s t vear

w a s t e w a t e r A r e a t > v o l u m e
a c r e s mg

s our c e
D e c o n t a m i n a t i o n o 5
p r o c e s s 4A f f e c t e d R u n o f f

c r a s s covet i 0 4
B a r e G r o u n d 2 2 1 5 8
"u".c~cr.t * * *

2 2DI s p o s i t i onE v a p o r a t e :o
r r e a t * Oi s c n a r g e u

i tic* e i i e
I i i f \ rta ;

1000
yd 3

600* I S O
250% 3
250* 8
250* 25

2 1 5

L a t e r v e a r s I b i
A! ea & vo i un»e

a c r e s ^ g / v
0 5

0

1 0 4
1 1 7 5

1 1 . 1

10
0

10

- u - a i
*g

1 A l l o w a n c e
4 Pond w a r e
i A I l o w a n c e

24 w a i n Pone
2 A ! i owanc e

32 1 6 0 , OCO ya

10
12

c
CM

o

[ a ] A s s u m e s 100* volume a O s o r p t i o n o l s l u d g e s a n o o i l s b y s o i l a d d i t i v e[ f j ] T i m e t o c o m p l e t e r e m e d i a t i o n , y e a r s • 2

F - l
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E f l : 0 A L T E R N A T I V E C - S T A B I U Z * . "

wane a n d s o t ' v o l u m e s

u a ! e r i a ' s

pond S l u d g e . E m u l s i o n
e v a p o r a t i o n sy t(«m S l u d f l e
O i l y s u r f a c e S O i IA f f e c t e d s o n under Pond

w a s l e w a t e r v o l u m e s

w a s t e w a t e r

s ourc eD e c o n l a m m a t i o n
P r o c e s s
p r o c e s s
A f f e c t e d R u n o f 1

c / a * s cover
B a r e G r o u n d
P a v e m e n t

D I S D O S i t i o n
F v a p o r a t e
T r e a t & D i s c h a r g e

vo i n c r e a s e
i n i t i a l D u e t o : ' : r t a ivoiune $ ( at>i ! i z a t ' o n . o i u r f i e

1000 ' . 0 0 0
V d J V G J

3 0 ; o % [ a ] 3 6
1 20* 1
3 JO* 4

10 20* 12
44 53

F i r s t Y e a r L a t e r Y e a r s i b J
A r e a 6 vo lume A r e a a v o i u n w T o t a l

a c r e s m g a cr e s ^ g / y r ™ g
0 5 0 5 A l l o w a n

4 0 4 Pond « a
i 0 F r e e "d

i 0 4 i 0 4 ; A J l o w a n
T> i s « 11 7 Q 74 Ma i n PO

: i -. i • . . . . . . j r
21 10 11 ' 6 0 . 0 0 0

10 0 10
12 10 22

O
CM

O

[ a ] Based T a b l e 2 - 6 , A p p e n d i x o . S a m o i e s N O ' s i i n r o u g n a( & ] T i m e t o c o m p l e t e r e m e d i a t i o n , y e a r s • 2
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E 8 1 0 A L T E R N A T I V E D - 8 i Q T S E A T w E N T

* a s t e a n d s o i l v o l u m e s
v o l u m e v o t i n c r e a s e

i n i t i a l A f t e r D u e t o
M a t e r i a l s v o l u m e T r e a t s t a b i l i z a t i o n

Pond S l u d g e . E m u l s i o nE v a p o r a t i o n s v i t e m s i u J g eOi i y s u r f a c e soi i
A f f e c t e d s o i l u n d e r Pond

1000yd 3
301y
10

1000
V d 3

' 9 9 [ a | 2 0 %
0 8 [b| 20%
1 3 ( b | I O X

10 0 20%

f ma ivo i ume
1 C O O

V < J 3
23 4

0 9
2 7

1 2 3
44 32 5 39 0

f t a i t e w a t e r volumes

w a s t e w a t e r

s ource
O e c o n t a m m a t i on
P r o c e s s

F i r s t vear L a t e r vear* [ c ]
A r e a * v o l u m e A r e a 6 v o l u m e

a c r e s T i g a c r e s m g / y r
0 5 0 5
0 3 0 3

T o t a l
me)

2
!

A ! l o w a n
A l f e c t e d f t u n o f f

C r a s s C o v e r
Bare Ground
P a v e m e n t

1
22

2

0 5
0 3
0 4

I S 8
1 '

19

10
5
4

0
0

1 0
13 92 :

5
3
4
4
1

i i

\J
5a

2
!

1
35

6
44

10
) 5
19

A ! l o w a n

A l l o w a n
«a i n PO

A I l o w a n

LO
O
CM

P ; > D O . > I ' . i o nE v a o o r a t e
B i o t f e a t m e n t E v a p o r a t i v e L O S S
T r e a t A D i s c h a r g e

[ a ] A s s u m e t 3 5 % pond s l u d g e vo lume r e d u c t i o n i n j o d a y s , ba s ed o n
o b s e r v a t i o n s made d u r i n g P h a s e 2 b i o l o g i c a l t r e a t m e n t t e s t i n g

[b) A s s u m e s 25% s l u d g e and s o i l volume r e d u c t i o n m 30 dav;
A s s u m p t i o n i s ba s ed upon o b s e r v a t i o n o f o i l y s u r f a c e s o i l a n d
e n g i n e e r i n g j u d g e m e n t

( c l T i m e t o c o m p l e t e r e m e d i a t i o n , y e a r s • 3

F - 3
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£ 8 1 0 A L T E R N A T I V E • - S O L V E N T E X T R A C T I O N

*as le arid soi . v o l u m e *

M a t e * l a i s

Pond S l u d g e , E m u l s i o nE v a p o r a t i o n s y s t e m S l u d g e
Oi tv s u r f a c e s o i lA f f e c t e d s o i l wider Pond

M a t e r t a l s

Pond S l u d g e . E m u l s i o n
E v a p o r a t i o n S v i l e m S l u d g eO i l y S u r f a c e s o i 1
A f f e c t e d s o i ' under pond

v»a; . l i W a l f vul , ,-Wj

w a s i e w a t e r

s ourc eD e c o n l a m m a t i on
P r o c e s s
P r o c e s s
p r o c e s s
A f f e c t e d auno f fc r a s s cover

Bare G r o u n dp a v e m e n t

DI s p o s i t i cn
E v a p o r a t eT r e a t & D i s c h a r g e

- t i al Res idt c < u m e s o l i d s
10CO Dry

V d 3 T o n s
30 4,020

1 780
3 2 . J 5 0

10 7.830

44 14.980

^crease
Due toS t a D i l i z a l i o n

o * l a )o»
0%
0%

F i r s t vear
A r e a i r v o l u m e

a c r e s mg
0 5

4
4

J .0

1 0 4
1 6 1 1 5

2 2 1
24

10
14

Dens t l y
i n / r 1 3

50
50
50
50

F i n a ls o l i d s
VQ 1 ume

1000
Yd 3

6
1
3

12
22

oes d
s o l i d s

1000
yd 3
6 0
1 2
3 5

11 6
22 2

R e s i d
O i l

1000g a i
2660

50
140
480

3530

R e s i dw a t e r
1000g a i
2890

80
240
780

3990

\Q
O
CM
T—
~̂O

L a t e r Y e a r s ( b ]
A r e a *

a c r e s

i
n

2

v o l u m e
r a g / y r

0 5
0
4

1 0

0 4
7 9
2 1

16

0
16

' o i a l
mg

2
4 pond wa

16 s c r u D b e4 R e s i d
2 A ! l o w a n

35 Mam po
8 i r K i n i r

72 3 5 O . O O O
10
62

E a f A s s u m e s t n a l t h e s 1 a b 1 1 i / a l i o n n a t r m
[ t > ] T i m e t o c o m p l e t e r e m e d i a t i o n , y e a r s •

i l u s e m e v o i d s v o l u m e
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E f l ' C A L T E R N A T I V E f

w a s t e a n d S o < I v o i m e s
I N C I N E R A T I O N

M a t e r i a i s

Pond S l u d g e .
E v a p o r a t i o nO i l y s u r f a c e

v o l u m e im t i a I
,' a ) so 1 1 d s

E m u l . , D r u m ss y s t e m S l u d g e
S O I IA f f e c t e d s o i l under Pond

1000
V d 3

30
1
3

10

D r y
T o n s

4.020
780

1 . 3 5 0
7.830

! ' 0

! b )
( c l
[ c ]
t c l

s - s c r u b b e r
v e d » s " A S H

50*
50%
50%
50%

Df VT o n s
1 .827

355
' .068
3 . 5 5 9

D r yions
183

35
' 0 7
356

44 14.980 6 809 6 9 1

M a t e r i a l i
S c r u b b e r * s hA S H comoac t«a i d ]

D e n s i t y & V o l D e n s i t y i v o l

Pond s l u d g e . E m u i s i o n
E v a p o r a t i o n S y s t e m S l u d g e0 1 i v S ' i r f a c e s o i I
A f f e c t e d S o i l under Pond

w a s t e w a t e r vo lume s

w a s t e w a t e r

sou r ce
D e c o n t a m i n a t I o np r o c e s s
p r o c e s sA ( f e c t e d nunol f

C r a s s cover
Bare croundP a v e m e n t

O i s p o s i t ion
E v a p o r a t e
T r e a t & D i s c h a r g e

I b / f t 3 V d 3

30 4 . 5 1 2
50 515
50 1 . 5 8 2
50 5 . 2 7 3

1 1 .892

r i r 1 1 Y e - i r
A r e a i V o l u m e

a c r e s mg
0.5

4
4

I 04
1 6 1 1 . 5

2 2 . 1
13

10
13

I D / I U V d 3

1 2 0 1 1 3
120 12
110 66
120 220

410

L a u . ^a.-, ,,,
A r e a * v o i u m e r o t a i

a c r e s m g / y < mg
0 5 3o 4 Pond w a t e r

4 10 S c r u b b e r
i 0 4 2 A | l o w a n c e

11 7 .9 43 Mam Pond
2 2 1 1 1 i n c i n e r a t o r

15 81 410.000 Vd 3

0 10
1 5 7 2

o
CM

C

f a ] T o t a l 3 5 0 b i 1 1 i o n Q T U , A p p e n d i x E i n c i n e r a t o r a e n g n c a s e d o n 1 0 . a o o y < J 3 p o n d s l u d g e .
10.000 y<J3 o f a f f e c t e d s o i i s w i t h i o t a ) 235 o> • • t on BTU 20 mi 11 i on

( b j 7 0 I b / f l 3 . 1 5 % s o i i d s b y w e i g h t[ c ] 5 0 % s l u d g e a s l a l . 5 0 % s o i l a t 1 1 5 I D / i n w e t w e i g h t . 3 0 * v o i d st d ] c o m p a c t e d b e cause i l i s l a n d f i t i e d a s w a s t e w a i e r t r e a t m e n t s l u d g e
[ e ] T i m e t o corro ie t e r e m e d i a t i o n , y e a r s • 5

F - 5
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B375 O P T I O N S

S I T E U T I L I T I E S & F A C I L I T I E S
S H E R I D A N D I S P O S A L S I T E
R a v i e e d i 30 Hay 1988
( C o s t a I n t h o u s a n d s ]

G.1-1

ALT. C - ALT. D - ALT, E -
ALT. 8 - STAB- BIO- SOLVENT ALT, F -

S O I L M I X I N G I L I Z A T I O N T R E A T M E N T E X T R A C T I O N I N C I N E P A T 1 0
C A P I T A L

W a e t e w a t e r
L a b d r a t o r y
P o t a b l e t r a c e r & p i p i n g
N o n p o t a b l e water & p i p i n g
L i g h t i n g
T r a i l e r s
Oecontam. A r e a
T O T A L C A P I T A L C O S T

T O T A L T R E A T M E N T C O S T S
T o t a l W s s t e r c i i i , w^
T r e a t m e n t co s t , V l w 3 S ««
T O T A L W W T R E A T M E N T COSf

A N N U A L O P E R A T I N G C O S T S
O p e r a t i n g P e r i o d ) y r
W a t e r t r e a t m e n t cost
L a b o r a t o r y costs
S a c u n ty
T O T A L O P E R A T I N G C O S T

T O T A L C A P I T A L , T R E A T M E N T
A N D O P E R A T I N G C O S T S
[ r o u n d e d ]

WOO
30.00
68.00
72.00
10.00
15.00
15.00

*400
150.00
88.00
72.00
10.00
15.00
15.00

*3SO
150,00

68.00
72.00
10.00
15.00
15.00

MOO
130.00
68.00
72.00
10.00
15.00
15.00

•400
300.00

68.00 G . S - 2
72.00 G.2-2
10.00
15.00
15.00

O
O
CVJ

1610

C.C.

J C . 2 C
$110

$730

$110

$680

19
,an
98S

•730

P2

t310

1880

72
96.00

•360

no
70.00

114.00

910
300.00
114.00

$10
300.00
114.00

$10
300.00
114.00

510
400.00
114.00 G.2-7

*36B

*1,10B

»848

S 1 , 6 8 6

*1,272

92,047

$1,698

$2,736

$2,620

$3,880

N O T E S :
1. Co s t s are 1n t h o u s a n d s o f d o l l a r * u n l e s s s p e c i f i e d o t h e r w i s e .
2 . T o t a l s a r e c a p i t a l cost p l u s t h e o p e r a t i n g coat t i n e s

t h e e e t l n a t e d p e r i o d o f o p e r a t i o n f o r t h e a l t e r n a t i v e .
3 . O p e r a t i n g costs cover c o n s t r u c t i o n & t r e a t m e n t p e r i o d o n l y j

a n a l y t i c a l costs covered s e p a r a t e l y .
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6.1-a

Q u a n t i t y U n i t s

B375 OPTIONS

S L U D G E I S O L A T I O N
S H E R I D A N D I S P O S A L S I T E
R e v l a a d i 6 Hey 1S88

I t i

D e s i g n mats q u s m t i t f a e i
S l u d g e & M t u l s t e n
O i l y s o i l
Pond e f f e c t e d aoU

I s o l a t i o n d i k e , 1 2 ' h e i g h t
I s o l a t i o n d i k e volwe
Pump 16* s l u d g e ft e v u l s i o n
E i c e v a t s t hsul 18X a f f e c t e d

s o i l
Pi»p 1001 s l u d g e & e v u l s i o n
Exc«vete & haul 100% a f f e c t e d

s o i l
T O T A L E S T I M A T E D S L U D G E I S O L A T I O N C O S T

1, T h i a t ab l e preaenta aatineted coats to the General Contractor
a* of sid-1887.

3. Cos ta do not i n c l u d e G e n e r a l C o n t r a c t o r overhead & p r o f i t ,
c o n t i n g e n c y , e n g i n e e r i n g & c o n s t r u c t i o n s u r v e i l l a n c e i or
q u a l i t y c o n t r o l / q u a l i t y assurance t a s t i n g .

U n i t P r o t e c t i v e Labor
Cost R e f . Leve l F a c t o r Coat N o t e e

30
4

10
1

14
4

2
3D

14

,000
,000
,000
,000
,000
,500

,100
,000
,000

cy
cy
I f
cy
cy
cy
cy
cy

*64
*3
«
*3

16

.00

.00

.50

.00

.50

G.2-1

G.2-5
..2-3
G.2-5

G.2-6

0

B/C

B/Ca/c
B/C

1
5

5
5

5

.00

.75

.75

.75

.75

464,000

77,625

66,413
517,500

442,750

" E a s t - W e s t 01 ka"
N s s d f o r f i l l c a u '

O
,_
CM
r-

11,168,000 Rounded
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6.1-3

Q u a n t i t y U n i t e

8375 OPTIONS

H I X S L U D G E W I T H C L A Y - H I G H S O I L
S H E R I D A N D I S P O S A L S I T E
f l e v t a e d t 6 Hay 1936

I t M

D e s i g n wait* q u a n t i t i e s
S l u d g e & e a u i l e l o n
O i l y B O H
Pond a f f e c t e d s o i l

M i x e l u d g a B i t h s o i l ( 6 t 1 ]
H 1 x a f f e c t e d s o i l ( 2 i 1 )
T O T A L E S T I M A T E D S O I L M I X I N G C O S T

N O T E S *
1. T h 1 e t a b l e p r e s e n t s e s t i m a t e d cost* to the G e n e r a l C o n t r a c t o r

aa of PI I d - 1 9 8 7 .
Z . C u t t l e t m n o t i n u i u ' ^ uen«cai C u n f c i « u t o r overhead & p r o f i t *

ccnt1r.;sncv» ~ . - . * ' . r . a a r : n g & r^r.atru.-tlon e u r v a U U n c e i or
q u a l i t y c o n t r o l / q u a l i t y assurance t a a t l n g .

U n i t P r o t e c t i v e Labor
Cost f t a f . Level F a c t o r Cost N o t e s

30,000
4,000

10,000
30,000
14,000

cy
cy
cy 132.00 G.S-3 C
cy *15.80 G.S-3 C

1.70 91,832,000
1.70 378,040

•2,008,000 Rounded CM

o



IIIIIIIIIIIIIIIIIII

B375 OPTIONS

CAP
S H E R I D A N D I S P O S A L S I T E
R e v t e t d i 6 May 1986

0.1-4

C a p A T M ( r a u n d a d )
C a pA t t i c r u t
S u p p l e m e n t a x l a t l n Q d i k e
T o p e o l l f o r d i k e ( 1 2 " )
Saed f t f e r t i l i s e d l k a
T O T A L E S T I M A T E D C A P C O S T

N O T E S I
1 . T h l a t a b l e p r a i a n t a a a t l M t a d coats t o t h e Genare l C o n t r a c t o r

aa of Bid-1987.
2* Costa do not I n c l u d e G a n a r a l Contrac t or overhead f t p r o f i t *

c o n t i n o e " - j i s n j t u e j r i n g £ c o n s t r u c t i o n e u r v t l ' Lar.c»i o r
q u a l i t y c o n t r a i / q u a l l t y aaiuranca t a a t i n a *

U n t t P r o t a c t i v a Labor
Q u a n t i t y

27.00
1.176,000

370,000
16,000
7.700

207,000

U n i t *

•c
•fcycy
cy
8f

Co it R e f .

tt.70 o.a-iu.so o.e-6
1C .00 0.2-6

112.00 0.2-fl
10.05 8.2-5

l ava l

0
0
D
D
D

F t c t o r

1.00
1.00
1.00
1.00
1.00

Coat

*1 ,989,200
1,666,000

79,000
98,400
10,350

N o t a i

13,642,000 Roundad CVJ

o
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9379 OPTIONS 5.1-5

Q u a n t i t y U n i t *
unit
Coet

9 H E A I O A H D I S P O S A L S I T E
P e v U e d l 3 J u n e 1980

I t e e

D e s i g n eeete q u e n t l t l e e i
S l u d g e t M u l i l o n
V o l u M e f t e r tree tewnt
O i l y e c l l
Volte** e f t e r treetaent
Pond e f f e c t e d «oH

T r e e t t e n t d e t e n t i o n tie*
Tenk* 2 0 ' H X 88*0
5000 |»el. h o l d i n g tank */ e l x e r
laOOO get . b l e n d i n g tank e/ M i x e r
P t e i p e t u d p e f o r t r e e t M n t
P I M P o i l y e o l t f o r t r e e taent
f l o w n d r e f t eeretore ( 2 8 h p ]
As re cor •elntenencel

C l e e n l n g (1 per 2 b e l c h e s )
P r o p e l l e r repleceeunt

r e o m l d e t & O X }
i . t r r - . ' i e t 1 o n eye t ee

Poeer
F t e i e I n d n e r e t o r ( c e p t t e t e o e t ]
F i e M ( n o l n e r e t o r t o p e r e t I o n ]
S t e b l U i e e l u d g e e n d e o l l
8uperv1eor
O p e r e t o r
Laborer
P i l o t t e e t l n g
S t e r t up
T O T A L E S T I M A T E D B I O T R E A T i e n ' C O S T

N Q T E S l
1. TMe t e b l e p r e e e n t e «stive ted coete to the Generel Cant rector

ee of •Id-1887.
2. Coe t e do not I n c l u d e Generel C e n t r e c t o r averheed & p r o f i t ,

c o n t i n g e n c y , e n g i n e e r i n g f i c o n e t r u c t l o n e u r v e l l l e n c e , o r
q j e l l t y c o n t r o l / q u e t l t y aeeurence t e e t l n g .

3. E s t l n e t e d 3SX r e d u c t i o n a f t e r 30 deye of t r e e taeent

P r o t e c t i v e L a b o r
L e v e l F e c t o r

30,0000ax
4,000

79X
10,000

30
4
1
1

30000
4000

6
40
18

S
4

74QOCOO

2
32,500

4
4
8

cyOlcy
c»

deye
•
•
•
cy=y•
•
•
•
•

kwn

ycy
•en/yr
•en/yr
•en/yr

•340,200»u. ooo o.a-0
IB2 fOOO 9.8-3o.oo o.2-e

IB .SO G.2-f i
t20,300

•400
11,000
» . ' , J y u«.r:,4K

•0.10
176 f 000

MB. 00 8.2-6
180 i 000 6.2-0
138,000 Q.2-6
925,000 0.2-fi

0
0
0cc
0

c
0
0
3
D
0
0
D
C
C

1.00
1.00
1.00
1.70
1.70
1.00
1.70
1.00
1.0U
i.uu
1.00

1.00
1.00
1.00
1.70
1.70

Co it N o t e e

T r e e t e d / S t a b t U z t d
T r e e t e d / S M b l l i x e d
S t a b i l i z e d

S l u d g e p w p l n g
Excevete f t haul
V e n d o r e s t l a t e t e
V e n d o r a a t l H t *
V e n d o r e e t l M t e
V*n?or a e t l a e t e

CM

o

*1, 400,000
14,000
22,000

153,000
37,400

102,460
32,840
16,000

740,000
500,000
150,000

2.702,500
480,000
489,600
680,000
750,000
624,000

19,815,000 Rounded to t h ou sand s

R e e l d u e & e f f e c t e d s o i l
A l t O M n c e
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8375 OPTIONS

L I N E R
S H E R I D A N D I S P O S A L S I T E
R e v i s e d * 1 5 J u l y 1968

6 . 1 - f l

I t e »

S O I L M I X I N G L I N E R
Button U n a r
S I d a l i n e r
La a chat a h a n d l i n g f a c i l i t i e s
T o t a l E a t l Bated L t n a r Cost -
S T A B I L I Z A T I O N L I N E R
D a a t g n vo lm — s t a b i l i z a t i o n
H a l g h t o f M n a r
Bottoai l a n t h
S o t t o * l l n a i
S I d a U n a r
Leacha ta h a n d l i n g f a c 1 l 1 t 1 a a
T c t e t l Eat1e«tad L i n e r Coat -
B I O T R E A T M E K T L I N E R
O a a l g n vo lu sa — b l o t r e e t e m n t
H a l g h t o f U n a r
Bottoai l a n t h
Bottoai l i n e r
S I d a U n a r
L e a c h a t a h a n d l i n g f a c i l i t i e s

Q u a n t i t y

523,000
281*000

S o i l M i x i n g

53,000
7.5
296

81,900
27,800

S t a b i l i z a t o r .

39,000
7.5
342

58,600
23,800

U n i t s

af
•f

cy
f t
f t
af
af

cy
f t
f t
8f
Bf

U n i t
Coat

•6.38
IB .50

•30,000

•8.36
•5.50

*3Q,000

•8.38
•6.50

•30,000

P r o t a c t l v a
R a f . t a v a l

0,2-4 0
G.2-4 0

0

G.2-4 0
8.2-4 0

0

G.2-4 D
Q.2-4 D

0

Labor
f a c t o r

1.00
1.00
1.00

1.00
1.00
1.00

1.00
1.00
1.00

Coat

3,325,995
1,435,210

30,000
•4,791 ,000

520,838
152,889
30,000

' T I H . U G O

372,664
130,874
30,000

N o t a t

AL I owe nee

Rounded

A l l o w a n c e
Rounded

A l l o w a n c e

T o t a l E s t l n e t e d L i n e r Coat - B l o t r a a t a w n t
N O T E S i
1 . T h i s t a b l e p r e s e n t s e s t i m a t e d coata t o th e Genera l C o n t r a c t o r

as of mld-1987.
2. Coata do not I n c t u r i * G a n e r a l C o n t r a c t o r ovarheed & p r o f i t ,

c o n t i n g e n c y , e n g i n e e r i n g S c o n s t r u c t i o n s u r v e i l l a n c e , or
q u a l i t y c o n t r o l / q u a l i t y aasuranca t e s t i n g .

•634,000 R o u n d e d



IIIIIIII

6375 U N I T C O S T S

D E R I V E D U N I T C O S T S
G H E R I O A H D I S P O S A L S I T E
R e v i e e d t 20 July 1988

I teei
Cap i

V e g e t a t i o n
T o p a o H
C o e i p e c t e t f c l ayey lo t l
(tea c o l l e c t i o n eyatea
F l n l i h g r a d i n g

C a p U n i t Cost

Sol I Covar C a p s
V i g e t a t l o n
T o p e o t l
Co* pact id c l a y e y c o l l
F i n i s h g r a d i n g

f i n i i rnvmr R B P U n i t Coat
D i k e , E x t e r n a l , 1 2 ' n i g h t

H e i g h t
Crwr, W i d t h
Outer S l o p e ( r u n I r i a e j
I n n e r S l o p e ( r u n I r i e e )
T o t a l vo lume
V o l u u o f t o p a o l l
V o l u u of c l a y e y sol I
V e g e t a t i o n

E x t e r n a l 1 2 ' Dike U n i t Coat
D i k e , I n t e r n a l , 1 8 ' h i g h i

H e i g h t
Crown W i d t h
Outer S l o p e ( r u n t r l a e )
I n n e r S l o p e ( r u n i r i e e ]
T o t a l voluem - c l a y e y s o i l

I n t e r n a l 1 8 * D i k e U n i t Cost

5.2-1

Q u a n t i t y

1,0
1.0
3.0
1.0
1.0

1.0
1.0
1.0
1.0

U n i t e

a f / a f
f t / a f
f t / a f
e f / e f
a f / a f

af

a f / e f
f t / a f
f t / a f
e f / » f

U n i t
Coat

10.05
•0.44
•0.30
•0.20
•0.11

aay

tO.05
•0.44
•0.30
•0.11

Coat

•0.08
0.44
0.69
0.20
0.11

•1.89
•1.70

•0.05
0.44
0.30
0,11

12.00
8.00
2.00
2.00

14.20

sf

f t
f t

f t / f t
f t / f t
c y / l f

I f

14.50

say

•0.90

12.00
8.00
3.00
3.00

19.30
1.70

17.90
48.00

f t
f t

f t / f t
f t / f t
c y / l f
c y / l f
c y / L f
8 f / l f

I f

(12.00
•4.50n.os

aay

•20.40
80.55

2.30

•1U3.25
•103.00

•63.90

•83,90
•64.00

N o t e e

CM

1 1 t h i c k



IIIIIIIIIIIIIIIIIII

8375 U N I T C O S T S

O E R I V a D U N I T C O S T S
S H C f l X D A N D I S P O S A L S I T E
R e v i e a d i 20 J u l y 1988

I t M

O t k a , I n t e r n a l , 8* h i g h *
H e i g h t
Croen W i d t h
Outer S l o p * ( r u n i r t * * J
I n n e r S l o p * (run I r 1 « t )
T o t a l v o l u a e - c l a y e y t o l l

I n t e r n a l 8 ' D i k e U n i t Coat
D U e , Run-On C o n t r o l * 3* h t g h i

H e i g h t
Crown W i d t h
Outar S l o p a (run i r i e « ]
I n n a r S l o p a (run i M B * )
T o t a l vo lwe - c l a y e y s o i l
S ' . G o

S. 2-2

Run-Qn C o n t r o l 01ka U n i t Coat

P o t a b l a W a t a r S u p p l y i
W a l l t 4 n d l M a t a r
S u b n a r a l b l a p i a i p
G a o l o g l a t
S u b t o t a l ( 1 v a i l }
P i p i n g * e t c

P o t a b l e vater e u p p , coat

Quant* ty

8.00
12.00
2.00
2.00
8.30

3.00
4.00
2.00
2.00
1.10
1.00

U n i t
U n i t e Cost

f t
f t

f t / f tf t / r to y / l f U.so
i f

Bay

f t
f t

f t / f t
f t / f t
c y / L f *4.5Q
I f / I f W.12

I f
say

Coat

•37.35
•37.36
137.00

*4.S5
0.12

16.07
16.10

400.00 ft 140

say

N o t a a

B i o t n i a t B e n t b e s in

CM

o

816,000 D r i l l i n g & a a t e r f a
500

1*000

117*500
50,000 A l l o w a n c e

•87,500
168,000
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B37S U N I T C O S T S

D E R I V E D U N I T C O S T S
S H E R I D A N D I S P O S A L S I T E
F t e v t a a d i 2 0 J u l y 1988

I t i

N o n - p o t a b l a W a t a r S u p p l y }
H a l l , 4" d 1 a v , a t a r
S u t a a r s i b l a p u n p
G a o l o g U t
S u b t o t a l

4 v a i l s
P i p i n g , a t e
N o n - p o t a b l e wat er s u p p l y cost

H a u l Roads, 1 2 ' w i d a i
F i l l
G r a d i n g

H a u l Road U n i t Coet
M a i n t e n a n c a Roada, 1 2 ' w l d a :

G r a v e l
F i l l
G r a d i n g
01tchaa

M a i n t e n a n c e Road U n i t Coat
O f f - » i t a T r a n s p o r t a t i o n

Loadad all at
Pay L o a d
I n c i n e r a t o r ash

R e s t o r a t i o n o f D i s t u r b e d A r e a a i
T — » • - • ( i t f i » i «..*.»• *•*•-•• • • • - -j - • .
• " f a r t i n g
S t t a d a n d f e r t i l i z e
Res t ora t i on U n i t Coat

Q u a n t i t y U n i t s

100.00 f t

G.2-3

U n i t
Cost

85.00 a > i / L o a d
20 t e n / l o a d

1B.50 c y / l o a d

810 c y / a c
43,B60 6 f / a c
43,650 y f / a c

ae

MO

13.00

$12.00
M J . O S
80.06

say

Cost N o t a a

14,000 D r f l U n g & « a t a r i a l
500

1,000
16,500

4.00
122,000
50,000 A l l o w a n c e

172,000

2.00
12.00

c y / l f
s f / l f

I T

44.50
•0.06

say

19.00
0.72

18 .72
19.70

OJ

o

0.30
2.00

12.00
2.00

c y / l f
c y / l f
s f / l f
I f / I f

I f

•18.00
•4.50
S G . 0 8
10.12

say

«.4o
9.00
0.72
0.24

115.36
$15.40

$12.75
•13.78

19,720
c,619
2,183

•14,522
•14,500
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8375 U N I T C O S T S

D E R I V E D U N I T C O S T S
S H E f t l D A N D I S P O S A L S I T E
A e v l a a d l BO J u l y 1988

S o i l M i x i n g ( 6 i 1 )
Deal on waete q u a n t i t y
A a s t M d w o r k i n g area
S p r u d f i l l M i l ( u n c o M p a c t e d )
T r a n s f e r vast* to b u l k i n g arc*
H i a b s r o f l i f t s ( 6 " t h l c k l
T i l l i n g
C O M p a c t I o n
T o t a l
S o i l M i x i n g U n i t Coat ( 6 i 1 )
V o l u » o f c o m p a c t e d , b u l k a d s o i l

S o i l H I K i n o ( 2 t 1 J
G a t o t y n w « U . ( - . ' e n t i t y
A s a i M d w o r k i n g area
S p r e a d f i l l s o i l l u n c o n p a c t e d j
T r a n a f a r vaete t o b u l k i n g eraa
N t a i t w r o f l i f t s 1 6 * t h i c k ]
T i l l i n g
C o m p a c t i o n
T o t a l
S o i l M i x i n g U n i t Cost 1 2 : 1 )
V o l t * * o f c o m p a c t e d , b u l k a d s o i l

6.2-4

Q u a n t i t y U n i t s
U n i t
Coat Coat

34,000
' . 3 . 0 0

204,000
34,000

23.00

cy
ac
cy
cy

900.00 ac-evant
236,000 cy

M.OO
13.00

$63
10.60

$816,000
102,000

56,700
119,000

N o t e s

S l u d g a

A s f l u a i a d p u n p a b l e
U n c o a i p a c t a d 6" s pr ead

over w o r k i n g area
3 t U U n g a / U f t

par cy ran waata
6,00 cy par cy weeta

11,084,000 Rounded to t h o u s a n d s

$32 Rounded to d o l l a r s
1.3 connec t ion f a c t o r

O
CM
CM

O
10,000

13.00
20,000
10,000

3.00

cy
ac
cy
cy

M.OO
•5.50

$80,000
55,000

P o t e n t i e U y
p o n d s o i l

Excava t e & i

120.00 ac-evant
30,000 cy

(83
10.50

7,560
15,000

Uneo»pae t id 6 N spread
over w o r k i n g area

3 t U H n a a / U f t

$158,000 Rounded to thousands

par cy raw vaete
2.50 cy per cy waste

$15.80
1.3 c o a p a c t l o n f a c t o r
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B37-5 U N I T C O S T S

D E R I V E D U N I T C O S T S
S H E R I D A N D I S P O S A L S I T E
A*vi e a d j 2 0 J u l y 19t*8

G.2-5

I t ) Q u a n t i t y U n i t s
U n i t
Cost Coat

S o i v e n t E x t r a c t i o n F a a d P r e p a r a t i o n S y e t e a i i
SOOO gal . h o l d i n g tanks w/ M i x e r
P r e p a r a t i o n araa p a v i n g
C u r b i n g ( 8 " h i g h ]
Cut t c rhaad d r e d g e
L i q u i d p u n p a

S o l v e n t E x t r a c t i o n F e e d P r e p a r a t i o n S y a t e a t Cost

6.00
5,000

300

4.00

0
8f
I f

«

$14,000
$4.60
19.50

16,000

184,000
23,000

2,850
6B,OOO
20,000

N O T E S *
1* T h i s t a b l e pre sent s estimated unit coste to the General Contractor

aa o f «1d-19B7, u e i n g Level D [ b a s i c } p e r s o n n e l p r o t e c t i o n ,
2. C o a t e do nut i n c l u d e G e n e r a l C o n t r a c t o r overhead & p r o f i t )

c o n t i n g e n c y , e n g i n e e r i n g & c o n s t r u c t i o n s u r v e i l l a n c e ) or
q u a l i t y c o n t r o l / q u a l i t y assurance t e s t i n g .

p r q p n r A t t ( i n
SOOO g a l . h o l d i n g t ank s w/ a i x e r
12iOOO g a l . b l e n d i n g t a n k s w/ n i x e r
P r e p a r a t i o n area p a v i n g
C u r b i n g ( B n h i g h ]
L o a d e r f o r s o l i d s h a n d l i n g
S o l i d o h o p p e r — c o n v e y o r
C u t t e r h e a d d r e d g e
S l u d g e p u n p s
L i q u i d p u a p s

6.00
3.00

40,000
1,000

«
0

8f
I f

114,000
122,000

44.60
19.50

184,000
66*000

184,000
9,500

3.00
4.00

(6,000
15,000

77,000
33,000
66,000
15,000
20,000

I n c i n e r a t i o n F e e d P r e p a r a t i o n S y s t e m Cost
N O T E S I

1 . T h i s t a b l e p r e s e n t s e s t i m a t e d u n i t cos t s t o t h e G e n e r a l C o n t r a c t o r
s e o f raid-1987, u s i n g Leve l D ( b a s i c ) p e r s o n n e l p r o t e c t i o n .

2. C o s t s do no t I n c l u d e G e n e r a l C o n t r a c t o r ovarhoad £ p r o f i t ,
c o n t i n g e n c y , a n g i n e e r i n g & c o n s t r u c t i o n s u r v e i l l a n c e , or
q u a l i t y c o n t r o l / q u a l i t y assurance t e s t i n g .

N o t e s

Vol. based on 1000 drone

V e n d o r b a l l p a r k quote
A l l o w a n c e , inc. 2 yr m a i n t ,

1196,000 Rounded to t h o u s a n d s

CM
CM

O

Vol. based on 10uO druna
H i x a r «800U, tank * 1 / g a l .
150* square
p e r i m e t e r + 2 s o l i d s work

areas 20' square
A l l o w a n c e p e r E P A coat f l g u r t
V e n d o r b a l l p a r k quo t e
A l l o w a n c e , inc. 2 yr m a i n t .
A l l o w a n c e , I n c . 2 y r m a i n t .

1655,0(10 R o u n d e d to t h o u s a n d s
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B375 U N I T C O S T S

D E R I V E D U N I T C O S T S
S H E R I D A N D I S P O S A L S I T E
R e v i s e d ! S O J u l y 1986

I ten

R C f l A D o u b l e L i n e r ( s a n d ) I
S a n d l a y e r ( 1 f t )
C o l l e c t ; d n p i p e
HOPE U n e r
S a n d l a y e r ( 1 f t )
C o l l e c t i o n p i p e
H O P E U n e r
C l a y L i n e r ( 3 f t )
G r a d e c l e y l i n e r ( r o u g h , f i n a l ]
RCRA Double L i n e r ( s a n d ) Cost

R C R A D o u b l e L i n e r ( g e o f a b r l c ) i
G e o f a b r i c [ T y p e I ]
G e o g r t d
H O T S L i i w r
G e o g > 10
H O P E L i n e r
C l a y L i n e r [ 3 f t ]
G r a d e c l a y L i n e r ( r o u g h , f i n a l ]
R C R A D o u b l e L i n e r [ g e o f a b r i c ] Cost

G.2-6

Q u a n t i t y U n i t e

1
0.06

1
1

0.08
1
3
1

1

1

1
3
1

c f / s f
l f / 8 f
e f / e f
c f / a f
L f / s f
s f / s f
c f / s f
s f / s f

sf

a f / e f
a f / a f
a f / e f
a f / s f
C f / 8 f
a f / s f

6f

U n i t
C o s t

W . S 2
*S.75
W.75
W.52
«2.76
W.75
W.30
«2.61

W.40
W.45
W.75
O C . - ' Q
*U.45
W.30
»2.B1

Coat

W.52
W.18
W.75
W.52
W.16
W . 7 5
W.89
12.61

W.40
W.OO
W.75
W.40
W.43
W.89
12.61

N o t e s

*6.50

CM
CM
CM

O
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B375 J N I T C O S T S

B A S I C U N I T C O S T S
S H E B I D A N D I S P O S A L S I T E
R e v i s e d : 6 Hay 19SB

G.2-7

I T E M U n i t Cost U n i t s

O P E R A T I O N S ( L a b o r , M a t e r i a l s & E q u i p m e n t ) i
E x c a v a t i o n :

Excavat e & L o a d c l e a n s o i l $2.50 cu.yd.
E x c a v a t e 6 load «aate "oil $3.00 cu.yd.

H a u l i n g ( O n ~ S 1 t e ] i
S o i l $2.00 cu.yd.
W e s t s $2.50 cu.yd.
S l u d g e ( p i m p i n g ) $3.00 cu.yd.

P L a c e a e n t / G r e d l n g i
P l a c e m e n t $1.00 cu.yd.
C o m p a c t i o n $0.50 cu.yd.
Rough g r a d i n g $2.50 C L . y d ,
F i n a l g r a d i n g o f c l a y l i n e r $0.11 s q . f t .
F i n i s h g r a d i n g $0.06 s q . f t .

W a s t e O p e r a t i o n s :
S t a b i l i z a t i o n 985.00 cu.yd.

V o l u m e incr ea s e w i t h s t a b i l i z a t i o n 2 0 X
F l u i d s l u d g e v o l u m e I n c r e a s e S t f K

Land t r a e t f w r . t :
T i l l i n g
F e r t i l i z e r & p H a d j u s t m e n t
S l u d g e I n j e c t i o n
W a s t e s o i l I n c o r p o r a t i o n

Remove a n d h a n d l e d r M S I
I n t a c t - I n c i n e r a t i o n a l t e r n a t i v e s $110
I n t a c t - o t h e r a l t e r n a t i v e s $500
R u p t u r e d dr tn s - a l l a l t e r n a t i v e s $15
O f f - s i t e a a h l a n d f i l l d i s p o s a l $0.08

$83 ac-event
$500 e c / y r

$2.00 cy
$1.70 cy

drum
drum
drum

L b

J e t t y S y s t e m i
C o n s t r u c t i o n
M a i n t e n a n c e

$490,000
$20,000

U S ,
yr

CM
CM
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B375 U N I T C O S T S

B A S I C U N I T C O S T S
S i E R I D A N D I S P O S A L S I T E
R 8 v i s e d : 6 H a y 1 9 f l &

G.2-6

I T E M U n i t Cost U n i t s

Other s
Seed & f e r t U i z - - 1 n 1 t t a l
S e e d & f e r t i l i z e - n a l n t e n a n c e
S i t e maint enance
E v a p o r a t i o n s y s t e m o p e r a t i o n
S l u r r y W e l l
T r a n c h e x c a v a t i o n & b a c k f i l l
D i t c h c o n e t r u c t i o n
Cap maint enance
G r o u n d water n o n 1 t o r i n g ( 12 w e L U
S t o r m w a t e r m o n i t o r i n g
P l u g e x i s t i n g m o n i t o r w e l l s
W e t - T w e l l • ir , s t s ! . ! .£ t1on

M A T E R I A L S !

S o l I s ( i n p l a c e ] :
C l a y * s i t e source, reconnected
S a n d , p u r c h a s e d ( d r a i n a g e l a y e r s ]
C l e a n f i l l - d i k a e
C l e a n f i l l - o th er ( c o n p a c t c d ]
C l e a n f i l l - uncompac tad
HOPE U n e r , 60 n i l
G e o f a b r l c
G e o g r i d
T o p e a i l f p u r c h a s e d
T o p s o U , on-aite source
P e a g r a v e I i purcha s ed
Road g r a v e l , pur cha s ed

10.05
10.07

$75
•10,000

16
10. 61
$0.12

1125
«36 f2QO*7,eno

J 1 t 5 0 0
140

ia.00
$14.00

$6.00
$4.50
$4.00
$0,75
$0.40
$0.45

$12.00
$4.50

$33.00
$18.00

s q . f t .
s q . f t .

ac-yr
y r

s q . f t .
l l n . f t .
U n . f t .
ac-yr
event
event
each

f t

cu.yd.
cu.yd.
cu .yd.
cu.yd.
cu.yd.
s q . f t .
B q 0 f t .
s q . f t .
cu.yd.
cu.yd.
cu.yd.
cu .yd.

cv
CM

o
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6375 U N I T C O S T S

B A S I C U N I T C O S T S
S H E R I D A N D I S P O S A L S I T E
R e v i s f l d i 6 Hay 1988

G.2-9

I T E M U n i t Cost U n i t s

P i p i n g & C o n n e c t i o n s !
HOPE p 1 p a v 2"
H O P E p i p e , 3 " r p e r f o r a t e d
HOPE p i p e , 4"
HOPE p i p e , 9"
HOPE pi pa, 8"
PVC pi pa, 4"
PVC p i p e , 6"
PVC p i p e , 8"
Concr e t e D r a i n a g e I n l e t s
Concre t e d r a i n p l p a , 1 8 "

J S . 5 0
18.75
•2.95
M.OO
*6.33
$8.43
J 9 . G 5

112.87
*1,200

*15

U n . f t .
l i n . f t .
l i n . f t .
U n . f t .
U n . f t ,
l i n . f t .
l i n . f t .
l i n . f t .
each

U n . f t .

Concre t e c u r b i n g , 8" h i g h
F e n c i n g
Pavwant ( r o a d s & pro c e s s ar ea s)
G r o u n d water m o n i t o r i n g n a i l
L y s l m e t e r
L e a c h a t e / r u n c * f c o l l e c t i o n s imps

N A T U R A L G A S
POWER

L A B O R :
( N O T E ] A n n u a l rates a r a f o r f u l l - t i m e

H o u r l y rates a r e s u b c o n t r a c t o r rates.
P r o j e c t D i r e c t o r
S u p e r v i s o r / F o r e m a n
S u p e r v i s o r
Labor F o r M a n
Instrument T e c h n i c i a n
M e c h a n i c
C h e m i s t
T e c h n i c i a n

i4,u? s q . f t .
19.50 l i n . f t .
J7.40 U n . f t .
SI ,30 s q . f t .

13,500 each
12,000 each
H , 0 0 0 each

13.80
*0,25

H BCf
kwh

in
OJ
CM

o

O p e r a t o r
Ass i s t an t Operator
Labor er
L a b o r e r
H e a l t h & S a f e t y O f f i c e r
S i t e S e c u r i t y

p r o j e c t e m p l o y e e s .
Both i n c l u d e f r i n g e b e n e f i t s . ]

(BO,UOO annual
135.00 hr

(30,000 annual
128,80 hr

155,000 annual
144,000 annual
135,000 annual
•30,000 annual

B30.J5 hr
(38,000 annual
•30,000 annual

(S3.65 hr
$25,000 annual
946,000 annual

(13.00 hr
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B375 U N I T C O S T S

B A S I C U N I T C O S T S
S H E R I D A N D I S P O S A L S I T E
R e v i e e d J 6 H a y 1 9 B S

G.2-10

I T E M

M U L T I P L I E R S F O R P R O T E C T I V E L E V E L S :
Leve l B
Level B air S C Quit (B/C]
L e v e l C
Level D

M A C H I N E R Y !
D i M p t ru ck , 12 cy
E x c a v a t o r , 1.5 cy
F r o n t - e n d l o a d e r , 65 hp
D o z e r , 200 hp
Meter truck, 5000 gel. cap.
Rackhoe, 2 cy

U n i t Cost U n i t s

9.80
5.75
1.70
1.00

$51,000 annual
$100,000 annual
$38,000 annual

$120,000 annual
$25,000 annual

CM
OJ

o

N O T E S I
1.

2.

T h i s t a b l e p r e s e n t s e s t i m a t e d u n i t coeta t o t h e G e n e r a l C o n t r a c t o r
a s o f m I d - 1 9 8 7 , u s i n g L e v e l D ( b a s i c ) p e r s o n n e l p r o t e c t i o n .
Costa do not i n c l u d e General Contrac tor overhead & p r o f i t ,
c o n t i n g e n c y , e n g i n e e r i n g & c o n s t r u c t i o n s u r v e i l l a n c e , or
q u a l i t y c o n t r o l / q u a l i t y assurance t a s t i n g .


